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PEEFACE TO THE SEVENTH EDITION, 


The work of whlcli tliis is the seventh edition has once more under- 
gone a carefnl revision, with the desire to make it keep pace with the 
test modem practice of the art of navigation. It is essentially a work 
for students, and intended to teach navigation soundly. It may be 
thought that the calculations are occasionally too minute or diffuse ; 
hut, from long experience as a teacher, the Author is convinced that 
such minuteness is necessary for the sound instruction of young 
persons, that by insisting on the same full exhibition of all the 
figures employed in their own calculations, and the adoption of an 
orderly arrangement in them, much greater accuracy is induced ; and 
the work of examination is also greatly facilitated. It has not been 
attempted, therefore, to curtail the processes of calcuLition, however 
desirable this may appear to persons employed in navigating ships ; 
the primary object of the work being the full exposition of every 
detail in the subjects treated of in its pages. And with this view also 
the special tables ” arc reduced to the smallest limit with respect to 
number, thus compelling the learner to sock what he requires from 
first principles. 

The practical and the theoretical parts of the course arc kept in a 
great measure distinct, each has thus its own conaplctcuess ; while on 
the one hand it is hoped that no rule is given without its full comple- 
ment of reason, on the other, it has not been thought desirable so to 
interweave thena as to break the order of the purely practical course. 
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And thus, too, the unmathematical reader may attain some of the 
mere mechanical skill of the computer, without being discouraged by 
a great array of mathematical symbols. 

Of the more ambitious student, for whom the hook is designed, some 
preparation is required in arithmetic, algebra, Euclid, and trigo- 
nometry. He is warned also not to expect to find all that he ought 
to know of nautical science in one little book, and that professedly a 
school-book. 

Although intended for the learner, it is hoped that it may commend 
itself to the attention of the skilled navigator, and the nautical sur- 
veyor, to whom it offers all the exactitude m the astronomical com- 
putations and investigations which their professions require ; together 
with some important problems not yet so popular nor so widely 
known as they deserve to he. 

Part I. — Is devoted to navigation, the sailings, the compass, the 
lo<r, and the chart ; and includes some simple rules for the solution of 
problems m great-circle sailing. 

The article on circular-arc sailing contains an important modifica- 
tion of great-circle sailing, to include those instances in which the great- 
circle track may ascend to latitudes which are too high for ordinary 
navigation. 

Part II. — Contains the practical course of nautical astronomy with 
such explanations of the subordinate parts of the computations as 
require only a little knowledge of geometry, and plane trigonometry, 
or mere verbal explanation. This part contains the method of com- 
puting the latitude from the altitude of the pole-star by common 
logarithms, more directly than by interpolation between the cor- 
rections given in the tables of the “Nautical Almanac” for the 
purpose. 

A convenient method of deducing the latitude from altitudes of the 
sun near noon. 

A full explanation of Sumner’s method of double altitudes. 
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Ivory’s metliod of double altitudes perfected by the addition of the 
corrections for the change of the sun’s decimation. 

The method of clearing the lunar distance from the effects of 
parallax and refraction, by the use of the ordinary trigonometrical 
tables ; sound in principle, easy, direct, and expeditious in practice, 
and the least obscure of the many methods which have been proposed 
for this purpose. 

Part III. — Contains the formal demonstrations of those rules which 
require a knowledge of spherical trigonometry, or higher mathema- 
tical knowledge than is involved in the preceding investigations. 




PEEFAOE TO THE EIGHTH EDITION. 


It having become necessary to issue another edition of Riddle’s 
Navigation and Nautical Astronomy,” I was requested to undertake 
the superintendence of these sheets through the press. 

Nothing has been added to or taken from the former edition, as it 
was considered unadvisable to alter in any way the plan of the book ; 
it will, therefore, be unnecessary for me to preface this edition with 
any further remarks than to say that I have very carefully reworked 
the examples, and thoroughly revised the text, making, however, 
alterations only, where, as it seemed to me, the Author’s meaning 
might be a little more fully elucidated. 


I hope that my endeavours to render this excellent work still 
more perfect, will be found advantageous to those engaged in the 
important duty of teaching navigation and nautical astronomy. 


2, Cambridge Villas, 

/South Street, QreenwicJu 


AnBEUT Esoott. 




PART I 

NAViaATIOK 


ELEMENTARY PRINCIPLES, PRACTICAL RULES AND EXAMPLES. 




PAET I. 

NAYIGATION. 


ELEMENTAEY PEINOIPLES OF NAYIG-ATION. 


That the art of navigation may be rightly understood, or practised 
with advantage, it is necessary that the navigator should be acquainted 
with the form of the earth, the relative situation of the lines conceived 
to be drawn upon its surface, and be furnished with correct charts of 
such parts of it as he may have occasion to visit, as well as with tables, 
in which the situations of the most remarkable sea-coasts, islands, rocks, 
shoals, &c , are accurately described ; and he must also understand 
the use and application of such instruments as are necessary to 
determine the direction in which the ship is steered, and the distance 
which she sails ; and be further possessed of sufficient mathematical 
skill to deduce, from the data which these instruments furnish, the 
situation of the ship at any time, and to find the direction and 
distance of any place to which it may be required that the ship should 
be taken. 

That the earth, in its general figure, is a round body is evident 
from various considerations. If it were flat, then in clear weather, 
though distant objects upon its surface might appear small, they 
would still he within the limit of view ; but it is uniformly observed, 
in every part of the earth, that to whatever quarter a ship sails, after 
she has proceeded a few miles to sea, she is gradually lost sight of, 
appearing as it were to sink in the waters, or to be hidden behind 
their convexity ; the lower parts disappearing first, and the higher in 
succession. Now the figure of the object on which this appearance 
uniformly takes place must necessarily be round. 

In lunar eclipses, which are caused by the moon’s passing through 
the shadow of the earth, it is always observed that the bounding line 
of the shadow on the face of the moon is a curve line , the earth 
therefore, which casts that shadow, must be a round body. To these 
and many other considerations it may he added, that several celebrated 
navigators, by proceeding forward always, or as nearly as circum- 
stances admitted, m the same direction, have actually arrived at the 
place which they sailed from, and have thus sailed round, or circum- 
navigated the earth. 

® ^ o 
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But though the figure of the earth is nearly spherical, it is not 
exactly so It revolves round one of its diameters once in a day ; and 
this revolution produces an effect upon its figure which, in nice observ- 
ations, becomes very apparent It is flattened towards the extremities 
of the axis of rotation^ but so slightly, thaf m computing the place of a 
ship, from the distance which she has gone, and the direction in which 
she has sailed, the earth may be safely considered as a sphere. 

The diameter round which it revolves is called the axis, and the 
extremities of that diameter the poles of the earth That to which 
we in Europe are nearest is called the north pole, and the other the 
south pole. 

Great circles passing through the poles are called meridians ; the 
great circle, equidistant frona both poles, and which therefore cuts 
the meridians at right angles, is called the equator, the equinoctial, or 
the line ; and less circles, whose planes ar^arallel to the plane of the 
equator, are called parallels of latitude The meridian passing over 
any place is called the meridian of that place ; and the portion of a 
meridian intercepted between af place and the equator is called the 
latitude of that place; and it receives the denomination of north 
or south, according as the place is on the north or south side of the 
equator. 

It is customary to call the meridian of some remarkable place the 
first naeridian, and the angle included between the first and any other 
meridian is called the longitude of that other meridian, or of any place 
over which the meridian passes. And as the angle included between 
two great circles is measured by the arc which they intercept on 
another great circle, whose pole is at the point of their intersection, the 
longitude of a place may also be defined to be the arc of the equator 
intercepted between the first meridian and the meridian of that place; 
and it is considered as east or west, according as the place is situated 
towards the east or west of the first meridian. English geographers 
and seamen refer to the meridian of the Royal Observatory at Green- 
wich as the first meridian, Frenchmen to that of the Observatory at 
Paris, &c. 

The difference of latitude between any two places is an arc of a 
meridian intercepted between the parallels of latitude on which the 
places are situated ; and the difference of their longitudes is the angle 
at the pole included between their meridians, or the arc of the equator 
which those meridians intercept. 

Hence when the latitudes or the longitudes of two places are of the 
same denomination, the difference of their latitudes, or of their longi- 
tudes, will be found by subtracting the less from the greater ; but 
when they are of different denonunations, by taking their sum. 

A curve that cuts every meridian which it meets at the same angle, 
is called a rhumb line ; the angle which the rhumb line makes with 
the meridian is called the course between any two places through which 
the rhumb passes ; and the arc of a rhumb line intercepted uetween 
two places is called their nautical distance. 

The meridian distance which a ship has made is an arc of the 
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which the ship is, intercepted between the meridian left 
endian amved at ; and the iepwrime which a ship makes 
upon a rhumb line, is tJtA sum of aU the intermedia meri- 
im, computed on the supposiiion that the distance is divided 
xitely small equod parts. 

•allcl of latitude, which is 23° 28' north of the eouator, is 
tropic of cancer ; and that which is 23® 28' soutn of the 
called the irepio of capneom. The parallel of latitude, 
3® 28' from the north pole, is called the arctic dreU ; and 
is at the same distance from the south pole is called the 
'ircU. These four circles divide the surface of the earth 
larts, called zones. The part included between the tropics 
le torrid or hmrng zone, from the intense heat produced 
tical action of the sun’s rays Those included between the 
the arctic and antarctic circles are called frigid or frozen 
1 the great cold ansine from the periodical absence of the 
he obliquity with which his rays at all times meet the sur- 
ose parts of the earth. The two remaining parte are called 
zmes, from their enjoying the advantage of an intermediate 
ween the extremes of heat and cold which prevail in the 
frigid zonca 

luator bisects the torrid zone, and also divides the whole 
the cartli into two equal parts ; that in which the north pole 
I being called the noiihem hemisphere, and the other the 
hemisphere. 

espoct to the magnitude of the earth, it has been found, by 
.dmcasuremonts, to be nearly equal to a sphere of 79^6 
liles in diameter, or 24,869 miles in circumference. Hence 
pbical or nautical mile, which is the 21,600th of 360®, is 
'79 English feet 

e sake of illustration, let us suppose that in the annexed 
is the north pole : 

Kg. I. 



i the equator, or a great circle, every part of whichisaqiiad» 
intfromP; 

? U, F K, &C., great circles passing through P, and of oouree 
ho equator at right angles ; 

B, li S, &C., arcs of smaller drclcs whose planes are parallel to 
' of the equator, and therefore cut the meriaUms at ri§fht angles ; 
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A E a curve making equal angles with P K, P L, P M, &c. 

Then P H, P K, &c , produced till they meet at the opposite pole, 
are called meridians ; 

A I, 5 B, R S, &c , continued round the globe, are called parallels 
of latitude , 

A E IS called the rhumb line, passing through A and E ; 

The length of A E is called the nautical distance from A to E ; 
and the angle 5 A B, or any of its equals, c B C, C D, &c , is called 
the course from A to E. 

Let G be the situation of Greenwich, then G H is the latitude of 
Greenwich, G P its colatitude, A K the latitude of the point A, or of 
any place on the parallel A I ; F K, or its ^ual E 0, is the latitude 
of F, or of E, or of ’any place on the parallel F E ; F A or E I is the 
difference of latitude of the points A and E, or of the parallels A I 
and E F, or of any places on those parallels. 

As P G His the first meridian, the longitude of G, or of any place 
on the meridian P G H, is nothing. 

The are T H, or the angle T P H, which T H measures, is the 
longitude of the meridian P T, or of any place on that meridian ; the 
arc H K, or the angle H P K, is the longitude of A, or of F, or of 
any place on the meridian P K ; the arc H O, or the angle H P O, is 
the longitude of the points 0, I, S, and E, or of any place on the 
meridian P O. 

The arc K 0, which is the difference of H O and H K, is the 
difference of the longitudes of the meridians P K and P O, or of any 
two places on those meridians ; and T 0 the sura of T H and H 0, 
is the difference of longitude of the meridians P T and P O. 

A rhimh lim is a curve which makes an angle of the same mag-- 
nitude with every meridian which it crosses ; it represents the track 
of a ship while sailing on any one given course ; it coincides with the 
iperidian when the course is due N or S, or with a parallel of latitude 
when the course is due E or W. On any other course but these the 
rhumb hne is a spiral, approaching nearer and nearer to one of the 
poles at every convolution. 

The angle which the rhumb hne or ship’s track makes with any 
meridian is called the course, and the length of the rhumb line passed 
over by the ship is called the nautical distance. 


Fig 2 



Let G A in the adjoining figure be a straight line equal in length 
to the curve line A E in the fig. (i), and let it meet the upright or 
meridian line B C, so that B C A shall be equal to the course, or 
Z.J A B in figure (i). 

And next let the rhumb line in figure (i) be divided into minute 
equal parts, A B, B C, C D, &c., and through B, C, D let the parallels 
B G c, &c., be drawn, and it is evident that A 5 + B c -i-C c? +, &c., 
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is always exactly equal to A F, the difference of latitude. Again, as 
the number of the parts A B, B C, &c., into which the distance is 
divided IS arbitrary, we may suppose them so numerous and minute 
as to dimmish any errors arising from the supposition that A 5 B, B e C, 
&c., are plane right angled triangles, to less than any assignable 
quantities ; and next we may suppose these triangles transferred so 
that their hypothenuses may lie in succession from G to A in fig. (f^). 

It will then be evident that in their new position, A5+B<?4- 
C o! +, &c , will exactly equal C B. Hence it is seen that C B in 
fig. (2) IS equal to A F in fig. (i), or that C B equals the difference 
of latitude. 

The line A B of the plane triangle is called the departure^ and is equal 
toBi + Cc+D^Z+j &C., a principle which may be thus enunciated : 
tli& depciTtuTe is the sum of all the inteTMediate Mefidian distances 
Imging to the indefinitely small parts of the rhumh line between the 
place sailed from and the place arrived at. It is commonly assumed 
to be equal to the meridian distance B S in the middle latitude between 
the place sailed from and the place arrived at, or the departure equals 
the meridian distance in the middle latitude nearly ; for the sum of 
the elementary meridian distances B5+Cc + HcZ, &c., is greater 
than the arc F E of the one, and less than the arc A I of the other of 
the two parallels between which the ship’s track lies ; but it must be 
observed that this is advanced only as an approximation ; and that 
this reasoning fails when the latitudes are on different sides of the 
equator But even in this case if the distance between the parallels 
be not very great, the departure may be considered as equal to the 
difference of longitude. 

The right-angled triangle fig. (a) is, then, a projection of certain 
lines and angles of the sphere upon a plane ; A C is the nautical 
distance, B C the difference of latitude, A B the departure, and Z. C 
is the course of the ship The points C and A are the projected 
positions of the places between which the ship sails. 

It may be further observed, that if B C and B A, or the difference 
of latitude and departure, are equal, Z C, or the course, is half a 
right angle, and that the course is gmitcr or less than 45°, as the 
departure is greater or less than the difference of latitude. 

When any two of the four quantities which are represented in the 
triangle ABC, viz., course, distance, difference of latitude, and 
departure are given, the remaining parts can be computed by the 
rules of trigonometry. And problems relating to this projected plane 
triangle constitute what is called plane sailing. 

By means of two of the relations furnished by this figure, viz., 

Distance x cosine of course = difference of latitude^ 
and Distance x ^ine of course = departure, 

the contents of Tables XVII. and XVIIT. are calculated ; and these 
(which are called traverse tables), greatly facilitate the solutions of 
problems in navigation, especially when the ship frequently^ changes 
her course and makes a crooked track or traverse, when it is neces- 
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sary to reduce her northings and southings and her eastings and 
westings on the several portions of her track to a total difference of 
latitude and departure. This process is called rmlving a traverse, 
or traverse sailing. 

All the great circles of a sphere are eq^ual, the radius of each being 
equal to the radius of the sphere itself ; hence the de^ees, &c., of 
the equator are equal to those of any meridian, the earth being here 
supposed to he a sphere. 

The parallels of latitude being less circles of the sphere, their sub- 
divisions or degrees, minutes, &c., are less than those of the equator, 
and are less and less the further the parallel is from the equator. A 
simple formula, however, gives the relation between the magnitudes 
of an arc of the equator and the corresponding arc of a parallel of 
latitude, that is, of arcs of these circles intercepted between the same 
meridians. 

Let L represent the difference of lon^tude or arc of the equator, 

M ihe corresponding arc of a parallel of latitude, 

I the latitude of the parallel. 

Then the formula referred to is M = L . cos ?. 

In the accompanying figure, which represents a solid portion of the 

S here, P is one of the poles, C the centre, A B an arc of the equator, 
E and T G corresponding arcs of two parallels of latitude, 1) H E 
and FIG their planes, and I and H their centres. 

I'lg. 3 


Then 


or. 



I) E, which is here denoted by M, is sometimes called the meridian 
distow, and then the rule here proved may he thus enunciated The 
rmridim dMmce is equal to the difference of longitude multiplied 
into the cosine of the latitude. 

On referring g^ain to fig, (i) it will be seen that it necessarily fol- 
lows from the principle just demonstrated that 

R S = K 0 X cosine E K. 

But E S has been shown to be nearly equal to the departure ; K O is 



NAYIGATION. 


9 


ttie difference of longitude between the meridians P K and K O, or of 
the points A and E between which the ship’s track bes ; and R K is 
half the sum of the latitudes of the same points ; for it is as much 
greater than one latitude as it is less than the other: it is called the 
middle latitude. The equation above may therefore now be expressed 
in words as follow : 

The departure is nearly equal to the difference of longitude multi- 
plied into the cosine of the middle latitude. 

And this is the fundamental relation in what is called middle lati- 
tude sailing. Its importance consists in the simple connection which 
it gives between the difference of longitude and the other elements of 


Mercator’s chart is a projection of the globe imon a plane surface 
according to certain mathematical principles in the hrst place the 
meridians are represented by parallel straight lines meeting the parallels 
of latitude, which are also represented as straight lines, at right angles. 

Thus the distances between the meridians are made the same in all 
latitudes, and everywhere equal to the difference of longitude ; but 
this is not the case upon the globe ; for it has been shown that the 

meridian distance = difference of long, x cosine of ih£> lat 
or, which is the same thing, 

difference of long, = meridian distance x secant of the lat 

Therefore when the meridian distances are made equal to the differ- 
ences of longitude, as they are in Mercator’s projection of the globe, 
they arc increased in the ratio of the secant of the latitude. 

This being established as a necessary consequence of the mere 
straightening of the meridians and parallels, and arranging them at 
right angles to each other, the next peculiarity to be noticed is the 
mode of dividing the meridians for the representation of the latitudes. 

The divisions of the meridian for latitude are made fo depend on 
the following principle : Thje minute divisions of the meridian in the 
neighhourhood of any parallel of latitude shall be increased in the same 
ratio as the parallel itself is. But the parallels are increased m the 
ratio of the secants of their latitude ; and therefore the divisions of 
the meridians must be increased in this ratio. For example, i' of 
tiio meridian at latitude 6o° north or south upon Mercator’s chart 
must bo twice as long as i' of the meridian close to the equator 
where the latitude is ; for the secant of o® = i, and the secant of 

To find the length to which any latitude is extended by this pro- 
ceeding, we must add the len^hs of all the lines which represent the 
minutes of that latitude together, thus— 

i' in lat. x' is represented by i' x sec i' 
i' in lat, a' „ „ i' x sec a' 
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therefore the line which represents any latitude containing n minutes 
is equal to the line which represents i' on the equator multiplied by 

Sec i' + sec 2/ + sec 3' + sec 4' + . sec n 

And the sum of all these natural secants reckoned as miles is tabu- 
lated for every latitude under the name of meridional parts. 

Table XDC. is a table of this kind, but it is adapted to the spheroid 
whose compression = (See notes) , . , 

That wbch constitutes the chief value of ^ Mercator s chart for the 
purposes of navigation is, that the angle which a straight line joining 
any two places on the chart makes with the rfieridians^ is egual to that 
which the rhumJb line joining the same two places on the globe makes 
with the meridians. 
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Let A' and E' represent the projected places of the points A and 
E of the globular figure (1), then A' F' is the projected, or meridional 
difference of latitude, and F' E' or K' O' the difference of longitude. 

A' F' is composed of the elementary parts of the proper difference 
of latitude increased in the ratio of the secant of the latitudes, and is 
called the meridional difference of latitude. 

The intermediate mendian distances are increased in the same 
ratio, and as each is thus made equal to the corresponding difference 
of longitude, their sum is equal to the whole difference 01 longitude 
F' E' ; which therefore exceeds the sura of the intermediate mendian 
distances on the globe, in the same ratio that the sum of the meridional 
differences of latitude exceeds the proper difference of latitude ; but 
the intermediate meridian distances on the globe are collectively equal 
to the departure, consequently, 

Difference of longitude. Departure ; 

Meridmaxl difference of latitude. "" Difference of latitude. 

But the latter fraction = tangent of the course. 

Diffe rence of longitude. ^ . _ 

M&ridimal difference of latitude, ~ course. 

\ 

But the difference of longitude = F E', and the meridional difference 
F' E' 

of latitude = A' F, and = tangent z. F' A' E', and therefore 
Z F' A' E' = the course, which establishes the principle that a 
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straiglit line drawn through, any two points on ^ a Mercator’s chart 
shows, by the angle it makes with the meridians intersected by it, the 
course from the one place to the other. 

The meridional difference of latitude is found hy taking the sum 
of the meridional parts (Table XIX.) corresponding to the two 
latitudes, when one is north and the other south, and tlic difference 
when they are both north or both south, 

I. For example, let it be required to find the meridional difference 
of latitude between 55^ 40' N and ao° 45^ N. 

35° 40' K mcudioual parts 2281 
20 45 N „ ,,1266 

Meridional difforence of latitude • . miles 1015 

%. Again, between latitudes 3^ ji' N and 5^ 57' S. 

3° 51' N lueridional parts 230 
5 57 S .. „ 355 

Moiidional difference of latitude • . miles 585 


If the middle latitude is defined to be that intermediate latitude at 
•which the distance between the meridians is exactly equal to the 
departure, then -we shall have this equation accurately. 

DspaTtuTi = diffsTSTLCB of longitudo x cosine of the middle lotitude. 


Wc have also by fig. (2), 

Tangent course = 


Departure 

Difference of latitude 


and 


Difference of longitude x_ cosine middle lot. 
i)j^eren(!e ofTatitude. 


And, again, it has been shown tliat 


Tangent course 


Difference of longitude 
Meridional difference of latitude. 


Equating those two yalucs of tangent course, and reducing, wo 
arrive at tiie formula by -which the correct middle latitude can ho 
computed, viz-i 

. Difference of latitude 

Cosine of middle latitude = Mmdimal difference of latitude. 

The mean middle latitude, which is found hy toltiiig half the sum 
or dlffereiioo of the latitude, according as they arc on tiro same or 
different sides of the equator, is generally used instead of this correct 
middle latitude. The diireroncc between them is often considerable ; 
and when the difference of latitude is large, it is desirable to use 
Mercator’s sailing only. 
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• example, be required to find the mean and correct 

middle latitudes between ^7° 45^ S and 43° 45' S. The work stands 
thus — 


45'S 
43 45 S 

D Lat = 840 = 14 o 

D Lat 840 . , 

— M D Lat 1338 . . , 

5 7' . . . 


. . * 4248 

. . . 2910 

' • • 1338 = M D Lat 

. 12*924279 log + 10 

. —3 126456 

cos 9 797823 


Therefore the correct .middle latitude, or that which should be 
employed, is 51° 7'. 

Now by taking half the sum of the latitudes the mean latitude is 
45 5 the difference, 2^2^, is what must be added to the mean 
to obtain the true or corrected middle latitude. 

The greater the difference of latitude, the greater the error in 
using the mean middle latitude, and hence the precept which directs 
the employment of Mercator’s sailing in such cases. 

The differ^ce between, the mean and correct middle latitude varies 
not as the ^fference of latitude, but very nearly as its square, so that 
doubling the difierence of latitude will give four times the error. 

A table might be given of the corrections to be applied in all 
cases, but the middle-latitude method thus becomes Mercator’s sail- 
mg disgmsed, and therefore no advantage would be gained by 

Still when the difference of latitude is small, or the ship sails 
nearly on a parallel of latitude, the middle-latitude method is to be 
preierred. 


To draw a Mercator's Chart. 


Having drawn at the bottom of the paper a line to represent the 
lowest parallel on the chart, and divided and subdivided it as may be 
thought convenient for degrees, &c., of longitude, let this line he con- 
sidered as a general line of measures, and draw perpendiculars at the 
extremities of it to represent the extreme meridians. Then, to obtain 
the proper length of the degrees in the diflFerent parts of the meridian, 
proceed as follows ' — ’ 

T^e from Table .^X. the meridional parts for the latitude at 
which it IS proposed the chart should commence, and also for each 
successive degree of latitude intended to he contained in it.* Then 
find the meridional differences of latitude between the latitude of the 
lowest parallel, and every other one intended to he contained in the 
chart, and dividing them by 6o, for degrees, &c., take the quotients 


» If tie degrees be very small m the mtended drawing, or the ehaort be a trenernl 

te^dS^ wm be^,^nr ^ « 
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from the hottom line, or the line of measures, and apply them from 
the bottom on the extreme meridians, and the degrees of latitude will 
thus be determined ; and for practical purposes they may be further 
subdivided in a manner similar to the degrees ot longitude, but 
theoretically the degrees should be divided in the same way as the 
chart. The meridians and parallels of latitude being then drawn at 
such intervals as may be judged convenient, the situation of every 
remarkable place, rock, island, shoal, &c., comprised within the space 
represented by the chart, may be laid down from its known latitude 
and longitude ; and a compass (or more than one, if the chart be 
large) being inserted in any convenient situation, to determine the 
relative bearings of the different points on the chart, the coasts, 
sands, rocks, &c., may be drawn and shaded, and the chart will be 
completed. 

To find the latitude and longitude of any 'place on the Chart, 

Take the perpendicular distance of the given place from any con- 
venient parallel, and from the point where that parallel cuts the gra- 
duated meridian, apply the distance upon the meridian, and the same 
direction that the place lies with respect to the parallel, at the point 
to which the distance reaches will be the latitude of the place. 

In the same way, if the perpendicular distance of a place from any 
meridian be taken and applied from the place where that meridian 
cuts the divided parallel, the longitude of the place will he deter- 
mined 


From the latitude and longitude of a place to find its situation 
on the Chart, 


Lay the edge of a scale over the parallel of the given latitude ; 
measure on one of the graduated parallels the distance of any conve- 
nient meridian from the given lon^tude, and apply this distance along 
the edge of the scale from the place where the meridian ineasured 
from cuts the scale, in the same direction that the longitude lies from 
the meridian, and the point to which the distance reaches will be the 
req^uired situation of the place. 


To find the course between two places in the Chart. 


Lay the edge of a scale over both the places, and applying a 
paiallel ruler to the edge of it, move the two parts of the ruler 
in succession till the edge of one of them passes through the 
centre of a compass, and that edge will, on the compass, indicate the 


Or draw a line in pencil along the edge of the scale, cutting any ^ 
meridian, and the angle included between the line and the meridian 

will be the course. i ^ 

Or having laid the scale over the places as before, place one toot 
of a pair of compasses in the centre of any convenient compass on 



li 
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the chaxt* and mth the other take the nearest distance to the edge 
o e scale. Then carry both points of the compasses forward, 
eepii^ one of them by the edge of the scale, and the imaginary 
line which joins them perpendicular to the edge; and the line which 

the other point describes from the centre of the compass will indicate 
the course. ^ 

It can, however, he most conveniently done hy placing a little 
semimrcular protractor against the edge of the scale as it lies over 
t e places, and so that the centre of the protractor may be upon one 
ot^e meridian marked upon the chart, for the number of degrees 
between the edge of the scale and the meridian shows at once the 
course of the ship. 


To find a sMfs place hy the hearing of two Tcnown places or 
headlands. 

Place a ruler over one of the headlands on the chart, and apply a 
protractor to its edge, keeping the centre of it upon one of the 
meridians ; now turn the scale about until the degrees between the 
meridian and the edge of the scale, as indicated upon the protractor, 
SrSalT*^ bearing, and draw a line along the edge of 

^ Repeat this process with the other headland, and where the lines 
intersect is the place of the ship Or, having drawn a line to repre- 
sent a meridian, and the lines of bearing in their proper relative 
tracing-paper, lay the paper upon the chart 
so t^t the meridian line shall he parallel to the meridians on the 
chart, and so that the lines of bearing shall at the same time pass 
over fte two points which were observed, and the intersection of them 
Will then tail on the place whence the bearings were taken. 

upon a known coast such a method as this, which can be constantlv 
practised, is most valuable, while its simphcity renders the neglect of 
it quite inexcusable. ® 

2b lay down an island, roch, or headland from observed 
bearings. 

Let the bearing be taken, and after running for some time, let 
another bearing be taken. Now marking the positions of the ship 
at the times of observation, and drawing the lines indicated by the 
observed bearings, their intersection is the place of the observed 

Such a naethod as this may be employed in sketching an unknown 
coast as a ship passes along. 

• f distance of the objects may he easily computed, for tho lines 
of direction from the ship, and the distance run by the ship between 
the observations,_form a triangle whose angles are known from the 
course of the ship and the observed hearings ; and one side is also 
nown, viz., the distance run by the ship between the observations. 
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To find the distance between two places on the Chart. 

If the places are in the same longitude, find the latitude of each, 
and if their latitudes are of the same denominations, take their differ- 
ence; otherwise, their sum for the distance of the places. 

If they are in the same latitude, or on the same parallel, take half 
their distance, and apply it on the graduated meridian on both sides 
of the parallel on which the places are situated, and the degrees of 
the meridian intercepted between the two points to which the distance 
reaches will be the distance of the two places nearly. 

But if the places differ both in latitude and lonmtude, lay a scale 
over them both, and, taking half their distance, apply it both upwards 
and downwards on the graduated meridian from the middle parallel 
between the two places, and the degrees of the meridian intercepted 
between the points to which the distance reaches will be the distance 

of the places nearly. , 

If half the distance be too great to be conveniently measured at 
once, one-fourth or one-eighth of it may be taken and applied upwards 
and downwards from the middle parallel as before, and the intercepted 
degrees of the meridian will be one-half or one-fourth of the req^uired 
distance nearly • 

The distance may be found by the following method, which is exact 
in principle, and is in fact only an abridged solution of the question 
by construction, on the principles of Mercator’s sailing : • 

Find the difference of latitude between the two places, a.nd take it 
in the compasses from the graduated parallel. Then having laid_ a 
scale over the two places, slide one foot of the compasses ^ along its 
edge till the other, in sweeping, just touches a parallel of latitude ; 
and the distance from the point where that parallel cuts the scale to 
the point of the compasses by the edge of the scale, applied to the 
graduated parallel, will show the distance of the two places. But 
this method should not be used when the course is very large. 

From the course and the distance which a ship has run from a known 
place, to determine her situation on the Chart. 

Lay the edge of a scale over the given place in the direction of the 
ship’s course, and take the distance, reduced to degrees, &c., from 
that part of the graduated meridian opposite the place on which the 
ship has been saihng, and this distance, applied from the given 
place along the edge of the scale, will determine the situation of the 
ship. 
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times through the extensive n«fl % importance than in former 
and war. ^ steam vessels both for commerce 
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this IS to shorten the Sncr £ ^he object of 

wilt Sm? a i£S‘ 

■My both be broalht^^b^ *»» Pl*** 

Circle, and this is an excellent method ^s itself a great 

cirde track lies between them* “ ^ ^ observing how the great 

meridmnsat the^s^mTangt/andCr^’^f 

the course from time to tune, in order tlrnm* ”^“***^7 to change 
of the shorter track thus offered to her.*^ * 

understondinl^of t£^suyL?-^bT^^ necessary for a thorough 

mathematical kniwldi ”ot yet 

little difficulty iu solving prXeS in nevertheless, find 

which are given for them. The der^ i ^ sailing by the rules 
also be found in the third secfim of toif ^lU 

the mathematical discussion of the rulf^ devoted to 

portions. °t the rules given in the first and second 
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“■* ol the 

b«.e-1trSL‘S:Srcf‘<,“S j 

^uator intercepted lit^een the less arc of tfe 

loogUut.™ “btoob^d to, 3ho" r4a “eSeStf 


NAVIGATION. 


17 


The difference of latitude which a ship makes is called, north or 
scuth^f and is marked N* or S according as the ship has sailed on a 
northerly or southerly course. Hence a north difference of latitude 
must he considered as increasing a north latitude, and as diminishing 
a south one, and a south difference of latitude as tending to increase 
a south latitude, and to diminish a north one. 


Examples. 

» 

I. Required the difference of latitude and difference of longitude 
between the Lizard Point and the Peak of Pico ? 


Latitudes 

Lizard Point. . 49° 58' N 
Pico . , . . 38 26 N 


II 32 S 


Diff lat . 692 miles 


Longitudes 

50 

28 28 w 


23 17 w 


Diff long . . 1397 miles. 


M 

2. Iwluired the difference of latitude and difference of longitude 
between Halifax and the Cape of Good Hope ? 


Latitudes 

Halifax . . . 44° 40' N 
Cape. . • . 34 23 S 


79 3 S 


Diff lat. . 4743 miles. 


Longitudes 
63O 38' W 
18 24 E 


82 2 E 


Diff. long. . .4922 miles. 


3. Required the difference of latitude and difference of longitude 
between a place A in lat. 55° ® ^ 7 ° 11^ W, and another 

place B in lat. 43° 37' S ; long 146° 49' E ? 


Latitudes 

A 55°58'S 

B. ... . . 43 37 S 

Diftlat. .. IS 21 N 


Or, in nautical miles, difference 
longitude = 8)6p miles. 


Longitudes 

A . . . , . 67° li' W 
B . , ... 146 49 E 


714. 

P E 

360 

0 

146 

"oW 


latitude = 741 and difference of 


0 
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Examples for Exercise. 

Required the difference of latitude and difference of longitude 
between A and B in the following cases : 


Lat A 

Lat B 

D Lat 

Long A 

Long B 

1) Long 

1° j7B 

’IK 

6 14 S 

36 47 N 

12 

51 25 N 

4 s6N 
44 24 N 

1851 N 
408 N 
1165 N 
670 N 
457 N 

0 * ^ 

49 14 E 

80 43 E 

80 5 7 W 
12 40 E 

3 4E 

7^ 56 E 

53 18 E 

9 29 "W 

52 18 w 

8 54 E 

T422 E 
1645 w 
4288 E 
*3898 "W 

350 E 


Problem % 

To find the latitude cmd longitude at which a ship has arrived, 
when those of the place which she left, and the difference of latitude 
and longitude which she has made, are given. 

Rule. If the latitude left and the difference of latitude are of the 
same denomination, add them together ; hut if they are of different 
denominations, take their difference ; and the sum or the remainder 
is the latitude arrived at, and of the same denomination with the 
greater. 

Memarh As no place can he further distant from the equator 
than the poles, the latitude cannot exceed 90®. 

The longitude arrived at is found in the §angie manner as the 
latitude ; hut as the longitude is reckoned both >east and west, if the 
longitude left and the difference of longitude are of the same deno- 
mination, and their sum exceeds 180 , the difference between the 
sum and 360° is the longitude arrived at, and of a contrary deno- 
mination to the longitude left. 

Examples. 

I. If a ship sail from Cape Pinisterre towards the south-west till 
her difference of latitude is 140, and her difference of longitude 118 
miles, required her latitude and longitude in ? 

Cape Eimsteire kt , , 42954'N Long, loft . , , » . 9 *^ i 6 'W 

Dift kt 140 , . . 2, 20 S Diff, long 118. . . I 58 W 

Lat in . , » , 40 34 N Long, in , , . 11 14 W 

a. If a ship sail froip latitude 50° 18' S, and longitude 178° a 1' E 
towards tlie S E till her difference of latitude is 638 and her difference 
of longitude 400 miles, required her latitude and longitude in ? 

Lat left 50° i8'S Long left . . . . 178021'K 

Diff lat 638 . , 10 38 S Diff. long 400 . . 6 40 13 

Lat. m. ... 60 56 S 185 I 

' 360 o 


Long, in , , . 174 59'W’ 
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Examples foe Exeecise. 

In the following examples the latitude and longitude arrived at are 
required : — 

Answei 



Lat left 

Long left 

DifF lat 
Miles 

Biff long 
Miles 

Lat in 

Long in 

I. 

48° 

2'S 

16® 34' w 

149 N 

218 E 

45 ° 

33 ' S 

12° 

56' W 

2 

55 

N* 

2 18 E 

80 N 

162 W 

56 

38 N 

0 

24 W 

3 

48 

30 K 

30 6 *W 

175 S 

260 w 

45 

35 N 

34 

26 w 

4 

0 

0 

0 0 

238 N 

141 w 

3 

58 N 

2 

21 W 

5 

64 

2 N 

3 13 W 

304 S 

158 E 

58 

58 N 

0 

35 W 

6. 

39 

37 S 

28 17 E 

112 S 

300 E 

41 

29 S 

33 

17 E 


Pboblem 3. 

To know in what ([uarUr of tho horizon the course between any tico 

places lies. 

Etjle. If the place bound to has a greater north latitude, or less 
south latitude, than the place to be sailed from, the course will be 
northerly ; otherwise it will be southerly. And if the place bound to 
has greater east longitude, or less west longitude, than the place to be 
sailed from, the course will be easterly ; otherwise it will be westerly. 
These directions combined will indicate the quarter in which the 
course lies. 


Examples. 


In what quarter of the horizon will the course lie from latitude 
a8° N longitude 16° W to latitude 35° N longitude a° W ? 

Here the place bound to has greater north latitude than the place 
to be sailed from ; the course, therefore, is northerly ; and as the 
place bound to has less west longitude than the place to be sailed 
from, the course is also easterly. The course is therefore between the 
north and east, or in the north-east quarter of the horizon. 

In what quarter of the compass will the course lie in sailing from 
the first to the second of each of the following places ? 


I. 

a. 

3 - 

4 - 

5 - 


From Aberdeen to Rotterdam? Answer, in the SE quarter. 

From the Lizard to Halifax ? Answer, in the NE quarter. 

From the Cape of Good Hope (Africa) to Van Diemen’s Land ? 

Answer, in the SE quarter. 
From Cape Horn to St. Helena? Answer, in the KE quarter. 

From Lisbon to Cape Farewell (Greenland) ? _ 

Answer, in the N W quarter. 

From the Cape of Good Hope (Africa) to Bio Janeiro^ 

Answer, in the NW quarter. 
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THE COMPASS. 

The course of a ship, or the angle which the line on which she sails 
makes with the meridian, is determined by an instrument called The 
Compass ; which consists of a circular card suspended horizontally on 
a point, and having a magnetized bar of hardened steel, called The 
Needle, for one of its diameters 

The circumference of the card is generally divided into thirty-two 
equal parts, called 'points ; and each of those divisions is again sub- 
divided into four parts, called quarter points. 

A point of the compass being therefore the 3 and part of the cir- 
cumference of a circle, is equal to 11° 15'; but m some compasses, 
for delicate observations, particularly those called azimuth compasses, 
the rim of the card is divided into degrees. 

The magnetized needle has the peculiar property of pointing always 
in a particular direction, generally not far from the direction of the 
meridian. 

That point of the card which coincides with the northerly end of the 
n^dle is called the magnetic norths and the opposite point the mao*- 
soxctlh ; and, looking towards the north end of the needle, the 
middle point on the right, between the north and south, is called the 
emt^ and the opposite point the west These four are called cardinal 
and the others are named according to their situation with 
respect to these cardinal points, as in the annexed figure. 
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The following table shows the degrees, &c., corresponding to each 
quarter point of the compass : — 


Points 

0 

01 

of 

1 

li 

If 

2 

3 

3 l 

3^ 

3 i 

4 


Points. 




0° 

0' 0" 

4 i 





. 2 

43 45 

4 ^ 





. 5 

37 30 

4 i 





. 8 

26 15 

5 





II 

15 0 

5 i 





. 14 

3 45 

Si 





. 16 

52 30 

5I 





. 19 

41 15 

6 





, 22 

30 0 

6i 





« 25 

18 45 

6| 





. 28 

7 30 

6| 





. 30 

56 15 

7 





* 33 

45 0 

7 l 





. 36 

33 45 

7 i 





. 39 

22 30 

7 i 





42 

II 15 

8 





• 45 

0 0 





47° 

50 

53 

56 

59 

, 6i 

. 64 
. 67 

. 70 

' 73 
' 75 
> 78 
. 81 
. 84 
. 87 
. 90 


48' 45" 
37 30 
26 15 
15 o 
3 45 
52 30 
41 15 
30 o 
18 45 
7 30 
56 15 
45 o 
33 45 
22 30 
II 15 
o o 


The points and quarter points in any course are usually reckoned 
from the north and south points, thus N by E is one point to the 
riffht of Nj and. by five points to the left of N 5 ® lour 

points left of S; SSW J two and a quarter to the right of S. 
The word rigU being used to indicate the same direction as that in 
which the hands of a watch move over the dial, and left the contrary 

direction. _ ... . ^ - 

The situation of the needle with respect to the meridian is not the 
same at every place, nor is it always the same at the same place. At 
present at London the north end of the needle points about 
towards the west of the true north point of the horizon, but^ at the 
North Cape it points only about i towards the west, while in some 
parts of Davis’s Straits its direction is more than 6 ^ points towards 
the west, and near Cape Horn it points about towards the east of 

the true north. , i. t i 

Af^ain in the year 1^80, the direction of the needle, at London, 

was about one point towards the cast of the north, while, as has been 
already observed, it at present points about 23^ towards the 
But in the West Indies, for a very long period, the deviation of the 

needle has undergone but a very trifling variation._ _ 

Delicate observations appear to indicate that it is again at Dondon 
retroc^rading towards the east; and Mr. Baklow, in his valuable 
“ Essay on Magnetic Attractions,” observes that all the phenomena 
attendincr the progressive change of the needle’s deviation from the 
meridian may be accounted for by conceiving the magnetic pole to 
revolve in a parallel of latitude from east to west ; but that every 
place appears to have its individual polc._ ■ 

^ The deviation of the compass, or, as it is called, the variation of the 
comm may however be determined (as will afterwards be shown) 
by astronomical obseryations ; the points of the horizon, which wrre- 
swnd to the scvoial points of the compass, may therefore easily be 
found by allowing for the variation, when it is known. 


20 


NAViaATION. 


THE COMPASS. 

The course of a ship, or the angle which the line on which she sails 
makes with the meridian, is determined by an instrument called The 
Compass ; which consists of a circular card suspended horizontally on 
a point, and having a magnetized bar of hardened steel, called The 
Neidle, for one of its diameters 

The circumference of the card is generally divided into thirty-two 
equal parts, called 'points ; and each of those divisions is again sub- 
divided into four parts, called quarter points, 

A point of the compass being therefore the 3^nd part of the cir- 
cumference of a drcle, is equal to ii° 15'; but in some compasses, 
for delicate observations, particularly those called azimuth compasses, 
the rim of the card is divided into degrees. 

The magnetized needle has the peculiar property of pointing always 
in a particular direction, generally not far from the direction of the 
meiiian. 

That point of the card which coincides with the northerly end of the 
needle is called the magnetic norths and the opposite point the mag- 
netic and, looking towards the north end of the needle, the 

middle point on the right, between the north and south, is called the 
east^ and the opposite point the west. These four are called cardinal 
points, and the others are named according to their situation with 
respect to these cardinal points, as in the annexed figure. 
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The following table shows the degrees, &c., corresponding to each 
quarter point of the compass : — 


Points 

0 . » 

0° 

0' o'' 

Points 

oi . . 

2 

48 45 

A-h 

A a 

oh ^ • 

of .. . 

5 

37 3° 

4 l 

. 8 

26 15 

L 

I 

. II 

15 0 

St 

li . . 

. 14 

3 45 

si 

5 i 

. . 

, 16 

52 30 

li . . 

, 19 

41 15 

6 

6i 

2 

, 22 

30 0 

2 l . . 

. 25 

18 45 

^i 

2 h . . 

. 28 

7 30 

6i 

2i , . 

. 30 

56 15 

7 i 

7 i 

3 • • 

. 33 

45 0 

3 l « - 

. 36 

33 45 

3 ^ • • 

• 39 

22 30 

7 f 

0 

3I 

. 42 

II 15 

<5 

4 . , 

« 45 

0 0 



47 ° 48U5" 
50 37 30 
53 26 15 
56 X5 o 
>59 3 45 

> 61 52 30 
. 64 41 15 
.67 30 o 
, 70 18 45 

.73 7 30 

. 75 56 15 

. 78 45 o 

. 81 33 45 
. 84 22 30 
. 87 II 15 

. QO 0 0 


The points and quarter points in any course are usually reckoned 
from the north and south points, thus N by E is one point to the 
rieht of N, and NW by W five points to the left of N ; SE is tour 
points left of S; SSW i W, two and a quarter to the right ot S. 
The word right being used to indicate the same direction as that in 
which the hands of a watch move over the dial, and left the contrary 

Th^^tuation of the needle with respect to the meridian is not the 
same at every place, nor is it always the same at the same ;^ace. At 
present at London the north end of the needle points about 23^ 
towards the west of the true north point of the horizon, l)ut_ at the 
North Cape it points only about towards the west, while in some 
parts of Davis’s Straits its direction is more than 6^ pointe towards 
the west, and near Cape Horn it points about 22° towards the east of 

Again”^the year 1580, the direction of the needle, at London, 
was about one point towards the east ot the north, while, as has been 
already observU it at present points about_ 23^ towards the m^. 
But in the West Indies, for a very long period, the deviation of the 

needle has undergone but a very trifling variation._ _ J 

Delicate observations appear to indicate ftat it is again at London 
retrograding towards the east; and Mr. Baklow, m his valuable 
‘‘Lay on Magnetic Attractions,” observes that all the phenomena 
attendinc^ the progressive change of the needle s deviation from the 
mmidian maybeLounted for by conceiving the magnetic pole to 
revolve in a parallel of latitude from east to west; but that every 
place appears to have its individual pole._ ^ .4: 

^ The deviation of the compass, or, as it is called, the vanatton of the 
compm, may however be determined (as will afterwards be shown) 
by astronomical observations; the points of the horizon, which corre- 
mond to the several points of the compass, may therefore easily he 
found by allowing for the yariation, when it is known. 
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Thus, if it be found that the north end of the needle points to the 
NNW point of the horizon, the compass is then said to have two 
points westerly variation, and the NNE point of the compass will 
coincide with the meridian, the east point of the compass with the 
ENE point of the honzon, &c. 

But if the north point of the compass points to the NE by N point 
of the horizon, the compass is said to have three points easterly varia- 
tion, and the NW by N point of the compass will coincide with the 
meridian, the east point or the compass with the SE by B point of the 
horizon, &a If, therefore, a ship is steered N W by a compass which 
has two points westerly variation, the angle which her way makes 
with the true meridian will be six points, or the ship’s true course will 
be WNW. 

Hence, when the compass course is given to determine the true 
course, allow the variation, if it be westerly, to the left of the compass 
com^ ; and, if easterly, to the right of the compass course. On the 
contrary, when the true course is known, and the corresponding 
course is required by a compass whose variation is given, allow the 
variation, when it is west, to the right of the true course, and wlien 
east to the left. 

When a needle which is balanced horizontally on a point is mag- 
netized, it not only acquires the property of pointing in a particular 
horizontal direction, but it lorn zts balance, or becomes inclined to the 
horizon ; and it requires an additional weight to be applied to the 
elevated end of the needle to restore it to its horizontal position. This 
inclination of the needle to the horizon is called the dip ; and as it is 
Afferent in different situations, a magnetized needle which is horizontal 
in one place may not he horizontal in another. The weight, therefore, 
which is a counterpoise to the dip in one place may not be so in 
another; and on this account needles properly fitted up for manners’ 
mmpasses have a sliding weight applied to them, to adjust them to 
me honzontal position at any time. 

apparatus, is generally placed in a brass case, 
wmch being slung in gimbals, the card is always at liberty to assume 
a hori^ntal position ; and in the inside of the case there are two black 
vertical Im^, whidi with respect to the card are diametrically oppo- 
to each other. The imagmary horizontal line joining these two 
^rtical ones ought to be exactly m the vertical plane cutting the ship 
from stem to stern ; and the point of the card which coincides with 
the line towards the stem of the vessel indicates the direction 

of the ships head, or shows her apparent course by the compass. 

No irim whatever should be allowed to be near the compass. 
Indeed, the whole mass of iron in a ship often exerts a perceptible 
influence on ihe direcfeon of fiie needle, and the change of direction 
thus caused is named local deviation, and its amount varies ac- 
cordmg to the situation of the ship’s head with respect to the magnetic 

mftnnian* ^ o 


If the iron were uniformly distributed in the ship, the effect of the 
local attraction on the needle would be nothing when the course is on 
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the aa^etic meridian, and greatest when the compass course is mf 
or wesfr and in practice the deviation might he taken as equal to the 
ffreatot deviation multiplied by the sine of the compass course 
^ But in general there is nothing like uniformity m the distribution 
of fhe ifes'of iron on ship-board, and 

local attraction is generally found ‘ shin and 

A comnass being sent to a distant place, visible ®“P’ 

out of the reach of local attraction, the bearing from each other of the 
comnasl so sent and the binnacle compass are taken simultaneously, 
as t^e shin’s head is warped round to each point of the wmpass, and 
the dtoL between tlfe bearing of the shore compass from the ship 
to that Observed on shore towards the ships 

co:^ass^ IS the local^de ^ having been taken by the compass 

inTi: ship, are therefore 

of locdde^oadue .0 a>e p»- 
^^°FoH*stancl'when the ship is apparently lying with her head eas^ 

Tol oS. jiU bo to™ b; S b ®’ 

iStaS Ur,»»iderable, a^d totanees occur*, 

it CTen amounts ^ tw° Po?th of the magnetic equator, is to draw the 
.ortl. rSrf fte needle *»w.* 4e e^ » “pJStS^b*? 

the west on westerly courses, a somewhere in the fore 

such a table will represent , . ^ reducing or destroying the 
although several mechanical methods tor reau^ s _ 

eJfect & tte ”>to rf mn m th »l.p 

Clous application of them m y p navigator frequently to 

and tbU~ it » “ >7“ toationl 
determine the Vernation ranes with many i^er 

mr^inttaSthe P-dn^lm ^p.b»d In 
StST." "t£ Waller b. show. ^ »» 
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serrations on board Her Majesty’s iron brig Recruit/ that the heel- 
ing of the vessel affected the deviations to a very considerable amount. 
And by observations on board Her Majesty’s iron steana-vcssol ^ Blood- 
hound,’ by Captain Johnson, it was found that when she was heeled 
8° to port, the deviations on the north and south points were increased 
by about 4°, that on the east and west points remaining nearly the 
same as when the ship was on an even keel. 

Por further information on this important subject the reader is 
referred to the work before mentioned of the late Captain J ohnson ; 

The Magnetism of Ships and the Mariner’s Compass,” by Com- 
mander Walker; and “Rudimentary Magnetism” (Weale’s senes), 
by Sir W. Snow Harris, &c. 

An ingenious and very simple instrument for determining the true 
course of a ship by astronomical observations, a recent invention of 
Lieut. Friend, B.N.,F.RS., and called by him the Pelorus,^ deserves 
to he more extensively known, for the many useful purposes to which 
it can be employed in practical navigation. 


PROBLEMS. 

Problem i. 

WJm the true emrse, the variation, and local deviation are given, to 
find the compass cmirse. ^ 

Ecxe 'men the variation is west, allow it to the right ; and when 
east, to the left of the true course 
The rule for allowing the deviation is the same. 

_ r is ^tten for right ; I for left; r S for right of south ; r N for 
right of north, &c. o j ■- 


Examples, 

I. The true course from the Lizard to St. Mary’s is SW ^ W and 

I’ to 

amount to 8 W, what is the compass course ? 


SW iW= 4|pts. 
Var. = 2I . . 


rS 


= 84°33'rS 
Dev 8 or 


Compass eotirse 


92 23 r^ 


This 93° 33' r S, being subtracted from t 8 o° leaves 83° ov' I bT 
or the reqmred compass course is N 87° 37' W, or W J N TOarly.^’ 

* Maimfectured by Messm Brbwmng. of tie Minones. 
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a. Let it be required to find the course hj^ compass in the same 
ship, back again from St. Mary’s to the Lizard; the true 
being NE f E, yanation a| points W, the local deviation be 
about the same amount as before, but to the eastward, say 7° 45 

NB ? E . . . 4i rK 
Yar . . . 2 | r 

7I = 84® 23' r N 

Dev 7 45 ^ 

76 38 rN 


The course by compass is therefore N 76° 38' E, or about ENE ^ E, 
whereas the course by compass m the opposite direction was w t . 
and had there been no local deviation, the compass wurees would 
have been 7^ pts. r N and 7J r S, that is- N ar^ bv 

are diametrically opposite to each other. This may be 1 y 

the annexed diagram ; — 



Let A and B represent two places on the same parallel ; a shi^p at 

h^edtoUa, Bwifi i«r „« 

her compass dra,wn eastward m north magnetic latitud , pp 

X the of deviahon to caa. he, .jerse J B wffl 

L‘ h' bv N Affain at B, with her head towards A, the nortn ena 0 
the ncJdlo will be drawn to tjae westwa^as i^tf^ted 
Ik, and her course to A will be about W of 

the existence of local deviation, she were to steer east from a, or 
wl B, 1 would be in danger of running on the reef C, to 

the southward both of A and B. 


Pboblem a. 

Wlm the course hy tie compass is given, with tU variatim and local 
deviation, to find the true course, 

local deviation is the same. 
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Example. 

If a ship steer hy co-mpass NNW | W, when the variation is 23° E, 
and the local deviation for the position of the ship’s head 3° 2,0' W, 
what is the true course ? 


isrwiw = 

28“ 


Var = 

23 

r 


5 

7 zisr 

Dev. 

3 

20 1 


8 

27 ZN 


Therefore the required true course is N 8° 27' W. 


LEEWAY. 

The angle included between the direction of the fore-and-aft line of 
a ship, and that in which she moves through the water, is called the 
leeway. 

When the wind is on the right-hand side of a ship, she is said to 
be on the starboard tack; and when on the left-hand side, she is said 
to be on the port tack ; and when she sails as near the wind as she 
will he, she is said to be clos&’dta'iilcd. Few large vessels will lie 
within less than six points of the wind, though small ones will some- 
times lie within about five points, or even less; but, under such 
drcuimtances, the red course of a ship is seldom precisely in the 
direction of her head ; for a considerable portion of the force of the 
imd IS then exerted m driving her to leeward, and hence her course 
through the water is in general found to be to the leeward of that on 
whi(d she K steered by the compass. Therefore, to determine the 
point towards which a ship is actually moving, the leeway must be 
alloweifrom the wind, or towards the right of her apparent course. 


Example. 


If a ship’s course by compass be N b E ^ E, and she make 2!- noints 
leeway, with the wind at NW J W, required her true cours?? ^ The 

h^5°E.”^ ‘ievia- 
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Variation . • 17° 45 ^ ^ 
Deviation . . 5 ° ^ 


12 45 ^ 


Compass course . 

16° 

12 

52' 

45 

rXf 

1 

Appaiont course 

4 

7 

rN 

Leeway 2I points 

25 

19 

r 

Tiue couiso . 

29 

26 

Txr 


Therefore the true course is N 29° 26' E. 


Compass Course 

sswi w 

NWb W 
EbN . 
■WSWJW 

SWbS . 
SSE 
WbN 
ESE 

NNE i E 
NE . 
HWbW 


Examples fob Exeboisb. 


Variation 

jfW. . 

25 w , . 

32 E , . 

15 E . . 

21 W . . 

25 E . 

2 pts W , 
E 

4 pts W . 
I J pts W . 
2 pts E . 
, si pts W . 


datlon 

0 -W 

E 

W 

r W 

) w 




Tack 

Leeway. 

Port . . 

2^ pts 

Starboard 

3 • 

Starboard 

ii . 

Port . . 

2 

Poit 

2 l . 

Starboard 

. 

Poit . 

3 • 

Starboaid 

3 i • 

Poit , . 

2 

Port 

2I . 

Starboflid 

3 • 

Staiboard 

xi . 


True Course, 

. Ss?'" 3'W 


*S 57 
. S 76 
. N84 
. S 81 
. S 3 I 
. S 6 
. S87 
. S 70 
. X 4 t 
. N38 
S 79 


30 w 
56 E 
23 W 
15 E 
53 W 
15 E 

4 W 

o E 
22 E 
45 E 
o W 


THE LOG. 


A' ship’s rate of sailing is estimated by heaving into the sea a piece 
of tooTdued Tue Log, so loaded mti lead that it will just swim. 
The loff is then conceived to remain stationary m the water, a.nd a line 
IS atfied to It, called the Log-une, which at its other end is wound 
round a rSeh The reel being turned, the part of the line tliat is with- 
1 f nrn it tlio lo<’' lu u ffivcii tiiiic IS thc distaiicc which the ship 
Jrfrom foltmg tiiat interval ; and hence by preyortion, her 
TtancHor any°othcr time may be obtained, while her rate of sailing 

'“Cwb' 3e in the form of a sector of a circle, and thc. lead 
with which it is loaded is applied to the arc; the central point is 

'“rfinris t :£eTto'it that the flat side of the log is kept 

towards the ship, that thc resistance of the water against the face of 

till lot may prcTCut it, as much as possible, from being dragged after 
1 1C tog may pin . 


Sr„ otic «t .w .cd, 

The time which is usually occupied in 


JIJ, AVUiV/iA WA 

1'hc'time which is usually occupieu m determining a ship s rate is 
Mf . mS -nd lie emiimont for tie purpose m gencr.llr ^e 
nrtVit 3of every hour, but in common merchantmen at the end of 
2ery second Im the time oi operating is half a minute or the 

r2othTa't of an l^nnr, if the line were divided into I20ths of a 



28 


ITAVIGATIOH. 


nautical mile, whateTer number of those parts a ship might run in 
half a minute, she would, at the same rate of sailing, run exactly a 
like number of miles m an hour. The I20th part of a mile is by 
seamen called a Tmot, and the knot is generally subdivided into smaller' 
parts, called fathoms. Sometimes (and it is the most convenient 
method of division) the knot is divided into ten parts ; more frequently 
perhaps into eight; but in either case the subdivision is called a 
fathom. In ships where no great accuracy in navigation is at- 
tempted, the knot is subdivided into four parts, and sometimes only 
into two. 

We shall, however, consider a fathom as the tenth part of a knot ; 
and as a nautical mile (p. 5) is 6079 feet, the 120th part of this or 
the length of a knot, will be 50 66 feet, pr pearly 50 feet 8 inches 
Hence a fathom ought to be 5 feet and eight-tenths of an inch nearly 
In practice, however, 50 feet is generally considered as sufficient for 
the length of a knot, for the log is always in some degree drawn 
towards the ship,.and therefore the distance given by a correct line is 
always less than the true distance. The operation for estimating the 
rate is called by seamen heaving the log. ’ ® 

The time is measured by a sand-glass, which ought of course to run 
out m 30 seconds. A quantity of the line, called the stray line, is 
allowed to run out before the glass is turned, that the log may be 
without the reach of the ship’s wake. When the glass is run out, the 
knots, and parts of a knot between the ship and the mark at the end of 
the stray line, indicate the distance which the ship has run from the 
log in the intervd of time measured by the sand-glass ; hence her 
nonriy rate of sailing is known. 

The time which the sand-glass takes in running out, and the length 
of the knots of the log-line, should frequently be examined; for the 
tune by the sand-glass is matenally affected by the state of the atmo- 
sphere, and the log-Iine is hable to contract from the action of the 
water ; ^d it may happen that the whole line, or different parte of it. 
may accidentally be stretched. ^ ^ 

erroneous, the error 

must he asce^ined, and the true distance may then be found by a 
Simple formula^ which may be thus investigated : ^ 

I- K and D represent the correct length of the knot, and the 

Snd with?/ “n* and erroneous distance 

ml- urn the number run 

a minute will be greater than it should be, and the esti- 
distant wiU be too great in the same proportion ; or stating 
& ^ ^ beUersely as the length 

•** K : A : : : D, 

and consequently 

D- — 

u- 

Hence this rule for correcting an eironeous length of knot. 
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Multiply the estimated distance (d) hy the measured length of the 
knot in feet (/c), divide the product by the proper length m feet 
(K= 50), and the quotient will be the corrected distance. 

2. If the sand-glass runs out too quickly, then as the line will not 
be allowed to run out so long as it ought, the estimated distance will 
be too small, and when the sand-glass runs out too slowly, it will be 

too great. ,, , 

Hence the distance estimated by an erroneous sand-glass will be 
proportional to the number of seconds the sand-glass takes to out, 
or if T and t represent the number of seconds the glass should tane, 
and the number of seconds it actually takes to run out 

t : T :: d t D 
Hence the true distance D = — ^ 


Therefore multiply the distance corrected for any error in the 
Icnath of the knot by the number of seconds the sand-glass shou 
tike to run out (T= 30"), and divide the product by the number it 
really takes, and the reLlt will be the distance corrected for both 

errors. 


Examples eob Exebcisb. 


Ill the following examples the true distance is required 


1 . 

7 . 

3 * 

4. 

5 - 

6 . 


JDlBt iDy 

Length of 

Log 

Knots 

Miles 

Feet 

87 

48 

218 

53 

146 

46 

159 

52 

46 

51 

102 

48 


Seconds iDy Answer 


Glass 

True dista 

26 

96 

31 

224 

28 

144 

27 

184 

28 

50 

28 

105 


PLANE SAILING. 

Tn nlanc sailing the earth is considered as a plane, the meridians as 
^ in iiLhrl.t Imes and the parallels of latitude as lines cutting the 

consider any part of the earth’s surface as a plane, yet, when t 
consider any oa . ^ confined within the distance of a few 

nlileH no matcriaFerror will arise from considering them as perfomed 
Xhhe TmtTcal 

globe, or as equal straight lines di-awn on a plane. 
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In all maj® and charts, and constructions, when it is not otherwise 
stated, it is customary to consider the top of the page as the north 
the lower part as the south, the right side as the east, and the left as 
the west. The meridians, therefore, in any construction will he 
represented by Tertical Imes, and the parallels of latitude bv 
horizontal ones. ’ ^ 

Hence in instructing a figure for the solution of any case in plane 
saibng, thediflerenceof latitude will be represented by a vertical line 
the departure by a horizontal one, and the distance by the hvnothe- 
nusd Ime, which forms, with the difierence of latitude and departure 
a nght-angled triangle ; and the course will be the ano-le iMluded 
between the difference of latitude and distance. 

With tks understanding, the solution of any case that can arise 
from varying the data in plane sailing will present no diflBculty 

men the course is_ given, with the distance, difference of latitude 
or demrture the questions can be readily solved by Tables XVII. and 

when less 

JX angle, and at the bottom when more than half a 

right angle, tehng care also to look for the names of the columns at 
P^^® found at. 

With a little mOTe trouble those problems in which the course is 
requmed may be also solved by these tables. 

When the distances, &c., are over 300 they may be divided 
care to multiply the results by the nLber used in the 

Examples. 

^.T.fail from Cape St. Vincent S W i S 148 miles 
required her latitude in, and the departure which she has made ? ’ 



A the course. latitude, B C the departure, and angle 

Angle A and A C are given quantities, A B and B C are required. 
AB = AC. cos A . . and . . BO = AC. sin A. 


AO 148 ^ 

OoB Z, A 3 J pointe 

AB ii4«4 . , ^ 


2*170262 

9*888185 

2*058447 


*T ' • * 2*170262 

om z. A 3 J points , 9 802359 


BO 93*89 


I 972621 
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Thus the sMp is ii4’4 miles to the southward of the Cape, or the 
difference of latitude = i° S4'-4S. 

Latitude of Gape St Yincent . , . , 37° 3' N 


Liffeieiice of latitude ...•*• i 54 S 
latitude in . » . . * . . . • 55° 9 ' N 


%. If a ship sail from the Cape of Good Hope southwestward till 
she arrive m latitude 36° 34' S, and it he found that upon the whole 
she has made 75 miles of departure^ required the course and distance 
which she has made ? 

latitude of Gape of Grood Hope . . . 34 ° ^ 3 ^ S 

Xiatitude in 36 34- S 

I)i:ff©xence of latitude 2° n'S = 131 miles. 


(See fig. to Example i.) Here A B represents the difference of 
latitude 13 1 miles south, and B C the departure 75 west. 

And^^ = tan Z A ; and A B. sec Z A = AC; 


^ J)ep. 

Bop. 75 . , 

Biff, lai 131 . 

Course 29° 47^ 


tan cmrse, and Diff. lot. x sec course = distance. 


!• 875061 
2*117271 


. tan 9*757790 


Biff lat 13 1 
Course 29O 47' 

Bist 150*9 


. . 2*117271 

sec 10 061525 

, , 2 178796 


Hence the course is S 47 ^ distance 150 9 miles. 


Examples fob Exeucise. 

1. If a slip sail from Oporto, latitude 41° 9' N, NW i W 315 
miles, required her departure, and the latitude she has amired at ^ 

Answer, dep. 233 *4 ^ailes W, and lat. 44 41 In. 

2. If a ship sail from lat. 55 ° i' 1 ^. SE by S, till her depmture is 
45 miles, required the distance she has sailed, and her latitude 

Answer, dist. 8i miles, and lat. 53 54 1 ^- 

q A ship from lat. 36° 12' N, sails southwestwaxd till she aniYes 
in iat. 35 ° having made /6 miles of departure, required 

ler «.w.e md g 5^, 

4. A ship from lat. 40° S' N sails SW ^ S till she arrives in lat. 

26° N, reouired her distance and departure , ^ rxr 

^ ^ Answer,dist. 307-9 mles,an^ dep. 195-3 miles W. 

5. A ship from Funchal, latitude 32° 37 ' 

so4h and west, till her diff. kt. is 114, and her dep. 97 “^les, 
reouired her course, distance, andlatituaer 
Answer, course S 40° 24' W, dist. 1497 ™les, and lat. 30 43 N. 
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6. A ship sails from the Cape of Good Hope, latitude 34° 23' g 
southeastward till she arrives in lat. 40° ro' S, having run 700 miles’ 
required her course and departure ? ’ 

Answer, course S 60°. 17' B, and dcp. 608 *0 miles E. 

7 - If a ship sail NNW | W, . 1 23 miles, .from lat. 1 8° 2' N, required 
her departure and latitude arrived at ? 

Answer, lat. 19° 47' and dep. 63 • 2 miles W. 

8. If a ship from Halifax, latitude 44° 40' N, sail SB i E till her 
dep. IS 128 miles, required her latitude and distance ? 

Answer, lat. 42° 5 S' and distance 165 ‘6 miles. 

9. If a ship sail from Cape Finisterre, latitude 42° 54' N, SSW W 

234 miles, required her latitude 'and departure ? • ^ 

Answer, lat. .39.° 33' H, and dep. 120- 3 miles W. 

is It? sail southeastward till her distance 

cometo? ^ ^ ”2 miles, required her course and latitude 

come to I- Answer, course S 54° 50' E, and lat. 48° 5 7' N. 

II. If a ship sail NW hy W 4 W from lat AT +;ii n 

^ miles, required he^ latitude, and L distance she hS 

her Lfcdt i N ro: mile,, re,o,red 

the Cape, and i2<; miles sont^ nf westward of 

and departure ? required her course, latitude, 

Answer, course S 51° 19' w, lat. 69° 5' N, dcp. k6 i 

36° ts' N,*^]s^NE*i^E^fflI latitude 

7 ““0 ?”fs "s, 

«Iepartiire, and latitude amved at? ’ required her distance, 

' 7 . A.hip *4-38. anddist. . 33 . 

or 2j days, required her distance denartnrf. ^ miles per hour 

^mswer, lat. 45° 4?' at ^‘I^^tftude arrived at ? 

. .8, If . id, ,,ii « fS ^ 7 . «.d d«. 330. 

“ »hat hme wiB rh, re:,* the^2d of 5%? ’ ^ 

Answer, 23-914 hours. 
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19. If a sMp sail from Cape Horn, latitude 55° 58' S, due south 
12^1 miles, and then due west i%J miles, required her course, dis- 
tance, and latitude ^ 

Answer, course SW, dist. 171 •!, lai 57° 59' S» 


TRAVERSE SAILING. 

When a ship is obliged to sail on different courses, the crooked line 
which she describes is called a traverse, and the method of finding a 
single course and distance, which would have brought the ship to the 
same place, is called resolving a traverse, 

A traverse is resolved by finding the difference of latitude and 
departure corresponding to each course and distance, and entering 
them in a table, of which the form will be found in the first of the 
following examples ; taking care, when the ship steers southward, to 
enter the difference of latitude in the column marked S ; but in the 
column marked N, when the course is northward. In like manner, 
when the course is easterly or westerly, the departure must be entered 
in the column marked E, or W, accordingly. 

Thus, when the course is SE by S, the difference of latitude must be 
entered in the column S, and the departure in the column E ; when 
the course is W J N, the difference of latitude must be entered in the 
column N, and the departure in the column W ; when the course is 
exactly E, W, N, or S, the whole distance will, of course, be entered 
in the corresponding column, E, W, N, or S. Then the difference 
between the sum of the numbers in the column marked N, and the 
sum of those in the column marked S, will be the whole difference of 
latitude, and of the same denomination with the greater sum ; and in 
like manner the difference between the sum of the numbers in the 
columns marked E and W will he the whole departure, and of the 
same denomination as the greater sum. 

The difference of latitude and departure corresponding to each 
course and distance are to be taken from Table XVII. when the 
course is given in points, and from Table XVIII. when it is given m 
degrees. 

Haying then obtained the whole difference of latitude and depar- 
ture which the ship has made, the corresponding course and distance 
may be computed by plane sailing.” 

Examples. 

j. A ship from Oape Clear sails SSE J E 16, ESE 5^3, SW by 
W J W 36, W I N 12^, and SE by E J E 41 miles, required the 
equivalent course and distance, and the latitude of the place which the 
ship has arrived at ? 


D 
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Fig. 5* 


N 



Take A for the place sailed from, and draw the vertical line 
N A S C representing the meridian. Then A D E F G B may re^ 
pr^nt the track of the ship, B the place arrived at, AB the distance 
made good ; and B C being drawn perpendicular to the mcridiar 
N C, will represent the departure, A C the difference of latitude, an<3 
A C A B the course made good. 


Tbateesb Table. 


OfRip^ 

Dist 

Differmce of Iia 1 ita<le 


N 

S 

B. 


&E , , , , , 

TOE 

sw b J w 1 V . . ! ! 



: Si 0 J E 1 E 


1*8 

14 5 

8-8 

lyo 

2 I‘I 

6 8 

21 3 

35*2 

3r*8 

11*9 

Conise B 18° s' diat. 63 m. 


I 8 

6i*4 

1*8 

63-3 

43'7 

43-7 

59 6 

19*6 


I>t. left , 
IM. kt. , 


• 5i°25'N 

• I o S 


Ikt in 


50 25 N 
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Tan course = J)ist = dif lat’ x sec course 

dlcut ^ 

Bep 19*6 . . . 1*292256 X) lat 59 6 . 1*775246 

D lat 59 6 . . . I 775246 Course 18° 12' , sec 10 022289 

Course S 18° 12' E tan 9*517010 Bist. 62*74 , . , i *797535 

therefore the course is S 18^ E, and the distance 6%' y 4 miles. 

2. If a ship sail from latitude 28° 46' S, on the following compass 
courses, viz , SW f W 62^, S by W 16, W f S 40, SW f W 2,^, 
S by E 30, and S f E 14 miles, required her latitude and the course 
and distance made good ; the variation of the compass being W? 

The variation being given in degrees, the courses may be expressed 
in degrees, and then corrected for the variation as follows — 

I SWf W = 53i°^S 2 Sby W = iii® r S 

Vax, . = 2 tJ I 21J I 

S 32 W S loi E 


3 WJS =8iJOrS 4 SW i W as the fiisi 

2l| I 

^60 W 


5. SbyE =iii 0 ZS 
2l| I 

S7^ E 


6 S S K = 8iO Z S 
21J I 

B 30 E 



Dist 

Difference of I^atitude. 

Departure. 



N. 

S 

E 

W. 

0 

m 

62 

, , 

52 6 

• . 

32*9 

S 10 B . . ... 

16 

. . 

15 8 

2 8 


s 60 W . . . . 

40 

. . 

20 0 

, 

34 6 

s 32 w 

29 


24 6 

. 

15*4 

8 33 E ..... . 

30 

. . 

25 2 

i6’3 

. . 

8 30 B 

14 

’ ’ 

12*1 

7*0 

. . 


6,0)15,0*3 26*1 82*9 

Lat. from . 28*^ 46*0' S 

I) lat. . . 2 30 3 S D lat 2° 3o'*3 g 26*1 


Latin , , 31 16*3 S Dop 56*8 W 


Tm cowse 

Bep 56*8 . . . 11*754348 

Bifr lat. 150*3 . . . 2*176959 

Course S 20° 42' W tan 9 5773^9 


Dist = Diff, lat. X sec course 

Bitf. lat 150*3 , , 2*176959 
Course 20° 42' sec . 10*028983 

Bist. 160*6 . . . 2*205941 

B 2 
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Examples fob Exeboise. 


I. A ship sails from Cape Clear, in latitude 51° ^ 5 ^ 

WSW 40, SW f W 18, W i N 28, S by E 1%, and SSE | E 16 
miles, required her course, distance, and latitude come to ? 

Answer, course S 45° Al' 10:2 '45 ^ 4 ^ N. 

5 If a ship sail from Porto Sancto in latitude 33° 3^ N, ENE j 8, 
NE I E40, N i E 13, NW|W 16, and NE i- N 2^3 miles, required 
her course, distance, and latitude ? 

Answer, course N 34° 30^ E, dist 88* i, and la.t. 34^ 16' N, 

3. A ship from lat. 41° N sails SW b W %i, SW i- S 31, 
WSW I S 16, S f E 18, SW i W 14, and W i N 30 miles, required 
her course, distance, and latitude arrived at? 

Answer, course S ^0^ 49' W, dist. 111*7? und lat. 40*^ 5' N* 

4. If a ship sail from lat. 44° 16' N the following true courses and 
distances, viz. : — N 38° W 50 miles, N 47° W 57 miles, N lo® E 
47*8 miles, N 33° £49*3 miles, and N 55*^ E loi luilcs, required 
her course and distance made good, and latitude in? 

Answer, course N 7° >xd E, dist. %% 6 ' 6, lat. 48^ 48'' N. 

3. If a ship sail from Halifax, latitude 44° 40' IST, E S 2^3, 
SE b E 30, E b N 43, and NE f N 23 miles, required her latitude 
in, and course and distance made good ? 

Ans., lat. in 44^30' N, course N 84° 42' E, and dist. 107 * 2 miles. 

6. T^rday, on leaving the Lizard, latitude 49® 38' N, the land 
bore from ns NE 18 miles, since that time we have sailed WSW 14, 
SWby W 26, SW J S 37, SSW J W 29, and W 13 miles, required 
our present latitude, and the course and distance which we have 
made? 

Ans , lat. in 48^ 31^ N, course S 48° %d W, and dist. 131*3 miles, 

7. On leaving the Cape of Good Hope for St Helena, wc took 
our departure from Cape Town, latitude 33° 36' S, bearing SE b S 
12 miles; after running NW 36, and NW b W 140 miles, required 
our latitude in, and the course and distance which we have made ? 

Ans., lat. in 32° 3^ S, course N 3^^*^ 4^^ W? ^ud dist. 187 miles. 
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PAEALLEL SAILING. 


In the questions under the heads of plane sailing and traverse 
sailing nothing has been said of the change of longitude which the 
ship always makes whenever she sails in any direction excepting on 
the true meridian. 

In order, however, to determine the ship’s position, it is necessary 
to know both how much her latitude, and how much her longitude is 
changed, since her position was last determined* 

We will, however, first consider the simple case of a ship sailing on 
a parallel of latitude, by which her longitude is changed hut her lati- 
tude remains unaltered. 

It has been demonstrated at page 8 that the 

Meridian distance = difference of longitude x eodne latitude, (i) 

where the meridian distance denotes the arc of the parallel between 
the meridian sailed from and the meridian arrived at. 


If the difference of longitude is sought, we have 


Difference of longitude 


Meridian distance. 
Cosine latitude. 


( 3 ) 


Again, if the latitude is required, 


Cosine latitude 


Meridian distance. 


Difference of longitude, 

By means of these relations the following questions may be solved. 


Examples* 

I. A degree of a great circle is about 69*3 English statute miles ; 
how long IS a degree of the parallel of London in latitude 51° N? 

Let the difference of longitude = L = 69*3 miles, 

And the meiidian distance = Jf = of the paralleL 

Then M = L cos latitude, 

L69'3 .... 1^840733 

Lat5i‘^ 39' . , cos 9 794308 


M 43 16 , , * . I 635041 


The answer is therefore 43 * 16 miles. 

a. If a ship sail on the parallel of 60^, and change her longitude 
required the meridian distance? Answer, 60 miles. 
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o If a ship sail east from Cape Race 3i a miles, required her 

4 Two places are both in latitude 50° la', and their difference of 
longitude .0 34 ” 48'. ?„5 »ilo6- 


< Where will the distance run by a ship on a parallel of latitude 

he one-third of the difference of longitude she ma-hes ? „ , „ 

A nswftr* in latitude 70 Qi ajl ^ 


6 One place is carried hy the earth’s rotation ayS- fi miles per 
hour faster than another, and the difference of their latitudes is ao , 
what are their latitudes ? Answer, 53 and 73 - 


*7 One place is carried twice as fast as another place hy the rota** 
tion of the earth, and their difference of latitude is ao° required their- 
latitudes? Answer, 5a° 7 and 7 a 7 . 


8. If the still air at A were transferred to B, /3 decrees furtlie-r 
north, it would cause a wind of 5 miles per hour ; and if transfcrrctl 
to C, ^ degrees further south, it would cause a wind in the contrary 
direction of c miles per hour j find the latitude of .A when the ratio 
of J to c is 5 to 4 and ^ = ao°. Answer, latitude 57° 47 - 


MIDDLE-LATITUDE SAILING. 

Whenever a ship sails in any direction, excepting on a meridian , 
or at right angles to the meridians, both her latitude and longitiulo 
are changed ; and whenever the difference of longitude made on an. 
oblique course comes under consideration, the principle moutioiiod ati 
page 9 may be employed, viz.. 

Departure = difference of longitude x eoeine middle lot. ( i ) 
From this equation we have also 

Difference of longitude = departure x secant middle lat. 

Or, ^ce hy plane sailing, 

Departure - distance x sine emrse. 

Therefore 

Difference of longitude = diet, x sin. course x secant mid. lat. (3 ) 
By plane sailing, also, 

Departure = difference of latitude x tangent course. 
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And equating tMs to the second side of equation (i) and dividing by 
the difference of latitude, 


Tangent course = 


Difference of longitude x cosine middle lat. 
Difference cf laMude. 


( 4 ) 


And these equations (i), (a), (3), (4) are the principal of those 
which belong to middle-latitude sailing. 


Examples. 

I. Required the latitude and longitude arrived at after sailing 
from latitude 33° 30' N, longitude zf 34' W, NW by W, aia 
miles. 


Diff, lat, = Did, 

X cos course 

Dep, = List X sin course. 

(l.) List. 213 . . 

OoTirse 5 pts. . 

, 2 326336 

cos 9 744739 

(2.) Bist 212 

0011186 5 pts. 

. . 2*326336 

sin 9*919846 

D. lat. 117*8 . 

. 2*071175 

Bep. 176 3 

. . 2*246182 

(3.) Lat. from . . 

Biff. lat. 117*8 

32*^ 30' N 

I 57-8 N 

(4) Lat feom . 
Lat m . . 

, 32° 30' N 

. 34 27-8 N 

Lat. in . ^ , 

34 27*8 N 


2)66 57 8 



Middle lat. . 

. 33 28 9 

(5.) Diff, Img. = Dep, x sec mid lat. 
Bop. 176 3 . . . 2*246182 

Mid. lat 33° 29' sec 10*078810 

(6 ) Long from . 
Biff, long 21 1 

, 25° 24^ W 

3 3 31 3 'W' 

Biff, long 211*3 

. 2 324992 

Long, in 

. 28 55 3 W 


Therefore the answer to the question is, latitude in 34° ay' ‘8 N, 
longitude in 38° 55' 3 W* 


3. Required the true course and distance from A to B, the latitu<^ 
of A 52? 34' N, the longitude 41° 18’ W, and the latitude of B 
51° ao* N, and longitude 40° 57' W ? 


Lat.A . . . 52°34'N 

Lut B . . . 51 30 N 

Biff. lat. . . . ’ I 14 = 74 S 

2)103 54 


Long A . 
Long B . 

Piff long 


41'' 18' W 
40 57 W 


21 E 


Mid.lat. . . 51 57 
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(i ) Jbep =: Dyf long, X oos nitd hi 

Diff lo^g 21 . . 1*322219 

Mid lat 51O 57' cos 9 789827 

Dep. 129 4 * , 1*112046 


Did = Dtjff 
Dilf lat 74 • 

Course, sec 


(2.) course 

Dep 129 4 . . 1*112046 
Dxff lat 74 . . I 869232 

Course 90 55' tan . 9*242814 


i, X sec course 

‘ * 1*869232 

. , *006538 


Dist. 75*12 


1*875770 


Therefore the course is S 9° 55' E, and the distance 75-12. 

The difference of longitude in the first question, and the courec in 
the second question, may be computed directly by means of equations 
(3) { 4 )) a-nd the work stands thus : — 


D. long, in ist Question. 

Dist. 212 . , . , 2*326336 

Course 5 points , sin 9 9x9846 
Mid lat. 33*^ 29'. seo 10*078810 

D.lon^ 211*3 . . 2*324992 


Course in 2nd Question, 

B long 21 . . 1*322219 

Mid. lat. 510 57' cos 9*789827 

II 112046 

B. lat. 74 ... - I 869232 

Oonrso S 9^^ 55' E tan 9*242814 


It will bo noticGd that the tabulations arc a little more concise. 


Examples, 

In these questions the latitude and longitude of A, and the course 
and distance sailed, are given, and the latitude and longitude of B 
are required. 


A, PiAOB SaiIbd bbom , B, Piacb Armted at 



Lat A 

Long A, 

True 

Course 

List in 
Miles 

Lat B 

Long B 

I 

0 t 

39 30 s 

0 t 

74 20 B 

sw b w 

210 

0 ! 

41 26 7 s 

0 f 

70 30 5 B 

2 

46 24 H 

47 15 W 

NB J B 

270 

49 15 3 N 

42 4 I W 

3 

51 10 a 

168 37 B 

•wisrw 

41 $ 

48 3I‘2S 

158 42*5 E 

4 

22 18 S 

57 28 B 

B by 0 

317 

23 19 8 s 

63 5 3 b’ 

5 ' 

33 25 s 

13 

B 

255 

23 25 os 

8 5 7‘i w 

6 

20 5 N 

154 17 W 

ESB ^ B 

333 

18 28 3 N 

148 39‘4W 

7 

53 30 n 

II 46 w 

N 80° W 

432 

54 45 '0 N 

23 52 0 w 

8 

0 56 K 

29 34TRr 

S 47O B 

168 

0 58*6 s 

27 31* r w 
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lu the following questions the compass course and the distance 
from A to B are required * — 


1 

Lat A 

Long A 

lAt B 

Long B 

Variation 

CoTKse 

List in 
lilUes 

1 

0 » 

49 35 N 

0 • 

24 50 W 

0 / 

43 37 IT 

0 r 

20 17 W 

0 

27 W 

0 / 

S 0 39 E 

404-2 

2 

45 16 B 



12 22 W 

15 W 

N-, 68 36 W 

1130 

3 

33 20 s 

82 45 W 

35 s 

85 15 w 

11 Je 

S. 34 10 W 

173-2 

4 

59 26 N 

43 low 

50 0 KT 

53 33 w 

17 B 

s. 15 27 w 

670-7 


MERCATORS SAILING. 


Middle-latitude sailing should ouljr be used when the change of 
latitude is small, or where the course exceeds fi^e points * for when 
the distance ruu ou a course nearer the meridian is considerable, then 
the error in the principle of this method may greatly vitiate the 
results. 

^ In this case, and always when the difference of latitude is con- 
siderable, recourse must be had to M&roator^^ Sailmg^ and then the 
following are the rules and formulae to be employed : — 


Difference of long^itvde == meridional diff. lat x tm cmree. 


Tangmt cowee = 


Difference of longitvde 
IteriMmod dijference latitude. 


X. Tojmd the difference of longitnde on d given course. — Add the 
logarithm of the meridional difference of latitude to the logarithm 
tangent of the course, and the sum is the logarithm of the difference 
of longitude. 

25. To find the cmne letween tm hmwn places. — Subtract the 
logarithm of the meridional difference of latitude from the logarithm 
of the difference of longitude, and the remainder is the logarithm 
tangent of the course. 


Emm'ph i. Required the course and distance from the east point 
of St. Michaors, Azores, to the Start ? 


JJat T'al3.(XlX) 

Sttirt .... 50°I3'N' 347B 
St Miohaors . . 37 48 N 3440 


Xonff. 

3O 38' w 
25 10 W 


Diinki. = 7^5 in la 25 N 1038 IXor d lat Diif long. 21 32 = 1292 jn. 
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Tm eourse = T ~ ^ course, 

Mer diff lat 

Drff loDg 1292 . . . 3111263 Diff lat. 745 .... 2872156 

Mer dift lat 1038 . . 3 016197 Comse5iO 13' . . soo 10 203164 

Course N" 51° 13' E taji 10*095066 Dist. 1189 3*075320 


Thus the true course on the rhumb line is N j;i° 13' E, and the dis- 
tance 1189 miles. 

a. If a ship sail from Cape Finisterre SE by E li^oo miles, what 
will be the latitude and longitude arrived at ? 

(r ) Diff lat - Bist cos course (3 ) Diff long = M diff, lat tan course. 

Disk 1200 ... 3 079181 M dilf lat 838. . 2*923244 

Course 5 pts . . 9 744739 Course 5 pts. . . 10 x 75 107 


Diff lat 666*78 

2 823920 

Diff long 1254 E 3*098351 

(2 ) Oai3e Finisterre lat 
Diff lat 666*7 = 

42° 54' 0 N 

II 6-78 

2840 (4) Long. 0 E. 9° 16' W 

Din long. 1254 = 20 54 E 

Lat amved at . . 

31 47'3N 

2002 Long, in . . . ir 38 E 


Mer diff lat. 

838 ’ 

therefore the latitude arrived at is 31° 47' ‘q N, and the loncitude 
ii° 38'E. 0 / 0 , b 


Examples eoe Exeboisb. 

I. If a ship from Lisbon, (latitude 38^ 4%'* 5 N, longitude 9° 8' W,) 
sail WSW J W 168 miles, required her latitude and longitude in ? 

Answer, lat. 34' N, long, 33' W. 

o' (latitude 46° 40' N, longitude 

53 3 W,) bbE f E !^i 6 miles, required her latitude and longitude 
^ Answer, lat. 43° 33' N, long. 30*^ 2,6’ W. 

latitude 40° 12,' N, longitude i8° 3' W, 
iHJi D J jvi 448, what are her present latitude and longitude? 

Answer, lat. 43° 51' K, long. 1 5° 26' W. 
4 44 ^P reached latitude 43° 31' N, and longitude 

t-u r’ ^ ™ Question 3, what are the compass course and distance 
to the Lizard in latitude 49° 58' N, and longitude 5° ii' W, the 
ranahon of the compass being 27° W ? ^ 

Answer, compass course N 75° 33' B, dist. 338 miles. 
< ^ I Horn, in latitude 5 ij8' S, aaila to latitude 

T?„ • . A : ® ^ 4 ° 36' w, dist. 277 miles. 

0° IT!? ^4 course and distance from lat. 33° 18' K lonfr 
o 55 B, to the Haze, latitude 37° 58' N, longitude 7^ 3' E ? 

Answer, course N 36^38' E, dist. 349 miles. 
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7. If a ship leave Cape Clear, latitude 51° 25' N, longitude 
9° 29' W, bearing NE f N 16 miles and sail SW f S 150 miles, what 
will be the latitude and longitude arrived at ? 

Answer, lat 49° 12' N, long 12° 3' W. 

8. Required the course and distance from lat. 49° 1 2' N, long. 
12° 4' W, to St. Mary’s, Azores, in lat 36° 58' N, long 25° 12' W ? 

Answer, course S 38° 3' W, dist. 932 miles. 


TO I'IND THE DIEFERENCE OP LONGITUDE MADE ON 
A TRAVERSE. 

In the following questions the ship has sailed on several courses in. 
succession. Having found the difference of latitude and departure as 
in traverse sailitig, apply the difference of latitude to the latitude lefty 
and find the latitude arrived at 

The difference of longitude can then be found either by middle 

latitude or Mercator’s sailing _ 

This method of finding the difference of longitude made upon a 
traverse is not strictly correct ; and it is sometimes desirable, especially 
in high latitudes, to ffnd the difference of longitude made upon each 
course separately, and then talcing the difference between the sum c) 
those east and the sum of those west, the result will be the required. 

change of longitude. , » , .. -u f 

To do this the latitude in at the end of each course must be found, 
and this is done by applying the first difference of latitude in the 
traverse table to the latitude sailed from, the next d^erence of 1^^^“ 
tudo to the latitude last found, and so on. _ Then find the ™‘ddle 
latitude between that sailed from, and the latitude rn at 
first course '; again (between the latitude at the end of the first and 
second, second and third, third pd fourth comses, &c., after whiclx 
compute the successive differences of longitude from this equation 

Difference of longitude = DepaHure x sec middle latitude. 

The departures to which this rule is to be applied must be taken 
from the traverse table in succession as they stand there, observing 
that the difference of longitude is east or west as the course is east 

^^^Ot^b^MerSr’s sailing, having found the 

of latitude from the latitude sailed from to that at the end of the first 
course from this latitude to that at the end of the second, and so on, 
compute the successive differences of longitude from this relation 

Difference of longitude = Meridional diff. lat. x tan course. 

Or they may be found by Table XVIIL, by taking the nearest 
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ff departure in the column marked lat, the difference of longi- 
tude will be found in the column marked dkt.; noting that the 

““ f the bottom when the 

course is found at the bottom, and at the top when the course is at 
tne top 01 the page. 

Or with the course itself at the top or bottom of the page in Table 

latitude in the column 
m^ted difference of longitude will be found in the column 


Example. 

A ship ija latitude 66° 14' N, longitude 3° E, is bound for 
Archan^l ; after sailing NNE i E 46, NE |e «8, N 4 W <3 NE 

i Nor A Cape'?*^ ^e^^iired her course and distance to 

1 ?BA.TBEsii Table* 


Oourses 

List 

Difference of Latitude 

Departure 



N 

S 

E 

1V 

is^ai 

if+j H 

46 

28 

52 

57 

24 

40 6 
:t 7 8 

51*4 

29*3 

9 2 

21 7 
21*6 

48*9 

22*2 

7 6 



139*1 

9*2 

9*2 

114-4 

• fi 

7-6 

Course n 39 ° } a, dist. i68 m 

1# 



1 t) 



129*9 

•• 

106*8 

•• 


tat left 66° i4 
Balf, lai 2 lo 

tat. in 


Mer pajts , * 5339 Long left 


12' E 


. 68 24 N .... 

• 5676 Ijong. m , 

2)134 38 Mm. diffi lat. 

• 337 

t. 67 X9 




in TaHe^XWT^*tr>^1?' dep^ure io5- 8, the course is founc 
Wirt, tit ^ d9i° and the distance i68 miles 

tie di^ tr 337 the latitude coSmn 

mfle^^ ^ ^ departure column to be about ajj 

^ 7 ° 19 ' as a course, and the denarturs 

to ml™’ *“’■ 
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Successive Lat 

Mid Lat. 

Departure 

Diff Long 

left 


66° 

14' 



E 

W. 

ist Ootiise. 

66 

55 

66° 34' 

21*7 E 

54-6 


2iid 


67 

13 

67 4 

21^6 E 

54*4 


3 id 


68 

O/i- 

67 38 

7‘6 W 


20*0 

4th 


68 

33 

68 18 

48*9 E 

132*3 


5 th 


68 

24 

68 28 

22*2 E 

60 5 



Long 

left 


. 3 ° 12' 

E 

301*8 



Liff long 

. . ► 

. 4 42 

E 

20’0 



Long 

in 

. . * 

. 7 54 

E 

281*8 



With each middle latitude, and the corresponding departure ex- 
tracted from the previously given traverse table, ^ the difference of 
longitude is found and entered in the column which is of the same 
name with the departure, and the difference between the change of 
longitude made towards the east and that made towards the west is 
aSi'S; the whole difference of longitude made on the traverse, 
differing about 5 miles from that found from the difference of latitude 
and departure made on the whole traverse 

To find the difference of longitude made on each course separately 
by Mercator’s sailing. 


Couises, 

Sucoosslvo Ijat 

Mor Parts 

Mor dlir Lat 

Diff Long 


66° 14' 

5339 


E. 

■W. 

NNE^E 

NIUE 

Nf W 

66 55 

544T 

102 

54 5 


67 13 

5488 

47 

57*2 


68 4 

5622 

134 

* • 

If)’ 9 

NEbEiE 

68 33 

5700 

78 

130*2 


ESE 

68 24 

5676 

24 

58*2 



Long, lofi . . 

. , 3° 12' E 


300*1 



Diff long , , 

, . 4 40 E 


19*9 



Xjong in . . 

. . 7 52 E 


280 2 



With each course, and the meridional difference of latitude made 
on that course, the difference of longitude is found and entered in the 
columns marked E or W, according as the course has been easterly 
or westerly, and the difference between the sum of the numbers in the 
E and W columns is a8o- a, the total difference of longitude. 

Hence the latitude in is 68° 24', and the longitude computed from 
the result of the whole traverse is f 49' ; but by computing the diff. 
long, for each course separately, the long is 7° 52' cast. 

To find the course and distance from the ship to the North Capo. 

Pbn’s placo lat. 68° 24' N Moi. paita . 56 76 Long 7 ° 52'® 

N Capo . . 71 10 N .... 0156 ^ 5 ® 

Diff Int r66 = 2 46 N Mer. diff lat 480 D iff. long. 17 1079 
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Tmcowrm = 


Diff long 
Mer dijt led 


Piff long. 107^ . 3’03302r 

Mer. (M lat 480 . 2 681241 


Ootnse 66° i' tan. . 10351780 


Diet. = Dijf lot, X seo course. 

Buff lat 166 . - » 2*220108 
Conrse 66° I'eec . . 10*390971 

Bist 408 4 . • . 2*611079 


Hence the course to the North Cape is N 66° i' E, distant 408-4 
miles. 


Examples foe Exeeoise. 

1. If a ship sail from the Naze, latitude 57° ^58' N, longitude 
7 ° 3' on following true courses, WNW 24, NW W 16, 
3i> S J E 12, and SW f S 20 miles, required her latitude and 
longitude? Answer, lat. 57° 21' N, and long. 5° 15' E. 

^ If a ship sail from Funchal, in latitude 32° 37' N, and longitude 

j ^ following true courses, S 39 W 46, SW ^ W 13, 
and b J W 24 mhes, required her latitude and longitude ? 

Answer, lat. 31° 3' N, and long 18° 3' W. 

3- If a ship sail from the Cape of Good Hope, in latitude 34° 23' S 

following true courses, NW 23 

Answer, lat. 32° 31' S, and long. 17° 44' E. 

4. If a ship sail from Fort Royal, in the Island of Grenada, in kti- 

^^vr^TT^k^-xli^Sdade 61° 48' W, on the following true 
courses, NW 46, mW J W 30, NW b W 70, and W ^ N 21 
miles, required her latitude and longitude ? ^ 

Answer, lat. 13° 39' N, long 64° 9' W. 


ON A SEA JOURNAL. 

A joumal is a r^ter of occurrences that take place on hoard a 
ship, either in harbour or during a voyage, and it oueht to contain a 
particular detail of everything relative tf the navigatfon of the shm 

Tt 7^“ds, currents, &c, that her situation may be known 
instant at which it may be reqmred. ^ 

_ On commendng a voyage, the true course to the first nlace wbioh 
K expected to ^ seen is either taken from a chart or computed • and 
Amre, from the variation, the compa® or steering course is found 

skill m do™. TiJ is Lifed 

my bo othennso dotormM b, bLg th{ feSj of 
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two different times, carefully noting the course and distance run in the 
interval. For the sine of the change m the object’s bearing is to the 
distance run by the ship in the interval, as the sine of the angle 
included between the ship’s course and the bearing of the object at the 
first observation is to its distance at the second observation. 

But whether the distance of the place from which the departure is 
taken be estimated or computed, the opposite point to that on which it 
bears is considered as the first course, and its distance as the first dis- 
tance sailed from the place ; and the other courses and distances made 
during the day being determined by the compass and the log, they are 
severally written in chalk, on a painted black board, called the log^ 
hoards of which the general form will be found below ; and afterwards 
copied into a book, similarly ruled, called the log-hook. The courses 
are either corrected for leeway before they are put down on the log^ 
hoards or the leeway is marked in the proper column opposite the 
course to which it belongs. The setting and drift of currents, and 
the estimated effect of the swell of the sea, are also inserted in the 
column of remarks ; and this column, besides, must contain an account 
of every occurrence deemed of importance. 

Then the several courses in the log-book being corrected, as in the 
preceding problems, for leeway and variation, and the distances on 
each course summed up and entered in a traverse table, care being 
taken to introduce the effect of currents and the swell of the sea, 
when any exist, as separate courses and distances, the latitude 
and longitude arrived at are determined by the methods which have 
already been explained, under the different heads of practical Navi- 
gation. 

The computation of the ship’s place from the reckoning is always 
made at noon, and the operation is called working a day's work. An 
abstract of the result is inserted in the log-book, containing the true 
course and distance which the ship on the whole has made during the 
day ; the latitude and longitude as deduced from the reckoning, with 
those also which are obtained from observations ; and the bearing 
and distance of the port, or of the nearest land that lies in the ship’s 
way. 

When the variation of the compass is given in degrees, it will be 
found convenient first to correct the courses in the traverse-table for 
leeway only, and, with these courses and distances, to find the differ-^ 
ence of latitude and departure, and thence the compass and the 
distance made during the day. The resulting course being then cor- 
rected for variation, with it and the distance already found, the true 
difference of latitude and departure may be readily obtained ; and the 
calculation for the difference of longitude may then be made in the 
usual manner. 

In hard-blowing weather, with a contrary wind and a high sea, it is 
impossible to gain any advantage by sailing, and the object is then to 
avoid, as much as possible, being driven back. To effect this object 
it is usual to lic-to under no more sail than is necessary to prevent the 
violent rolling which the ship w-ould otherwise acquire. ^The tiller 
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being put over to leeward, brings the ship’s head round towards the 
wind, which then having little power on her sails, she loses her way 
though the water, and the directive power of the rudder consequently 
cea^ ; her head falls off from the wind, the sail which she has set 
fills again, and gives her fresh way through the water, which, acting* 
on the rudder, brings her head about to the wind, and she thus 
conies up and falls off alternately. In such cases the middle point 
between those on which she comes up and falls off is taken as her 
apparent course, and the leeway and variation being allowed 
from that point, the result is entered as a course in the traverse- 
table, with the estimated drift of the ship through the water as a 
distance. 

But notwithstanding all the care that can be taken in keeping a 
^a-reckonmg, the place of the ship as deduced from it must always 
be considered as m\j approximately determined. It is often extremely 
difficult to arrive at any considerable certainty respecting the precise 
courae and distance which a ship has actually made. Different rates 
of sailing between the times of heaving the log, want of care in steer- 
ing, and sometimes also the great difficulty in steering steadily ; 
sudden squalls, incorrect allowances for leeway and variation, and 
many other circumstances, conspire to render the ship’s place, as 
deduced from the common reckoning, very uncertain. No oppor- 
tunity ought therefore to be lost to determine her place by celestial 
observations ; and the sea-reckoning should chiefly be considered as 
a means of estimating her situation nearly in the interval between 
such observations. 

The log IS dated according to the civil reckoning (,f time, and the 
place of the ship therefore, computed at noon, is for the middle of tlie 
mvil day : the courses or distances in the afternoon, or r.M. of the 
preceding day, being connected with those made in the morniim, or 
AM. of the current day, m computing the change of her place from 
the last noon. 

■When the place of the ship has been determined by observation, her 
place by the reckoning ought to be disregarded, and the future 
reckoning should he carried forward from her place found by obser- 
vation, till other observations give a new point of reference. But 
some mariners keep a separate account of the ship’s place, hy the 
reckoning and by observation, during the whole voyage ; which as 
th^ conceive, enables them to judge of the total effect of currents 
and other generally operating causes of error on the reckoning. 
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Examples. 


c. April 26th, 1858, at noon, a point of land in latitude 36° 35' S 
and longitude 110° W, bore by compass ENE f E, distant 18 
miles (the ship’s head being SE by S, by compass, deviation o), 
afterwards sailed as by the following log account ; required the 
latitude and longitude in on April s^yth, at noon ? 


11. 

K 

^,tha 

Courses. 

Wmd. 

Lee- 

way 

I)ev“. 

Eemarka. 






Points 

0 / 


I 

2 

6 

SW 1 w 

S b E J E 

2i 

7 27W 

P.M. 

2 

3 

5 






3 

4 

3 






'4 

3 

2 

wsw § w 

s b w 


8 20W 


5 

4 

4 






6 

2 

3 





Variation of 

7 

2 

5 

WNW i W 

SW 

2 

8 low 

compass 

8 

3 

3 





i|pts. E. 

9 

4 

I 






10 

5 

4 






II 

4 

2 






12 

4 

4 






I 

3 

2 

NWj W 

wsw J w 


4 

A.M. 

2 

4 

I 






3 

5 

4 






4 

3 

2 





A current set 

5 

3 

2 

w b s 

s|-w 


8 20W 

the ship the 








last 8 hours 

0 

4 

I 





by compass 

7 

4 

2 





e|- s2nmes 








an hour. 

8 

3 

4 




1 


9 

3 

4 

SW 

s h E 


7 OW 


10 

5 

2 






II 

2 

6 






12 

3 

5 







I, True courses, and distances in miles, N84° W, i8*o ; N 89° W, 
3CO-4; N 6f W, 9-9 ; N 39° W, 5^3-9 ; N 8° W, ij;-9 ; N 73° W, 
T4'9 ; S 86° W, 147 5 S 65° 16. Latitude in 35° 58' S; lon^-^ 

tilde in 1x1° 31' W. Course and distance made good, N 6:^° W, 
78 miles. E 
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a. May aoth, 1858, at noon, a point of land in latitude 47° ii' N, 
and longitude by account 3° la' W, bore by compass ENE E, 
distant 16 miles (the ship’s head being S by compass, deviation 3° W), 
aftervrards sailed as by the following log account; required the 
latitude and longitude in on May aist, at noon ? 



I 4 I KHW i w 
233 

3 4 I 

4 4 I 

5 4 2 

636 se|e 

7 3 7 
841 

925 swj W 

10 4 2 

11 4 I 

12 5 2 


Dev". 

way 


Points _ 

O j 

2 10 OE 


6 50W 


5 ow 


Romarfe&. 


i| I 40^ 


3 40E 


SbEjE 2| 7 


Yariation of 
the compass 
3i pts,w. 


A current set 
the ship the 
last 3 hours 
by compass 
ssw 2 miles 
an hour. 


Md distances in miles, S 21 ° W 16 -o • 

N 7^ E 0^5-1 ; 1 44°\ X97 I 

46^ 40' N* lonktude in - ^^htude in 

£ad, S 15° V, sf-a miles. ^ distance made 
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3. June ^th, 1838, at noon, a point of land in latitude 56° ^9' N, 
and longitude by account 75° 33' W, bore by compass NE by E, 
distant 19 miles (the ship’s head being N by compass, deviation 
45' E), afterwards sailed as by the following log account; 
required the latitude and longitude m on June 6th, at noon ? 


H. 

K. 


Courses. 

Wind. 

Ijeo- 

way 

Dey^. 

Bemarks. 






Points 

0 ! 


I 

4 

9 

N b w 

whN 

I^ 

I lOE 


2 

4 

4 






3 

4 

2 






4 

4 

7 






5 

6 

2 

0 





Variation of 

2 

4 

SSW 1 w 

w b N 


6 7W 

the compass 
i|- pts. w. 

7 

2 

3 






8 

3 

I 






9 

3 

3 






10 

2 

5 

OTEfn 

NWflT 

2 

9 OE 


II 

3 

2 






12 

2 

1 

i 





I 

3 

0 

w b K 

1 

mw 

21: 

8 low 


2 

2 

5 






3 

2 

I 





A current set 

4 

3 

2 





the ship the 

5 

4 

I 

SEfU 

sw Jw 

0 

3 40^ 

last 5 hours 
WHW (by 

6 

5 

3 





compass) 3 

7 

2 

6 





miles an 

/ 







hour. 

8 

4 

I 






9 

3 

2 






10 

3 

2 

s|w 

wsw 

2 i 

3 SOW 


II 

3 

2 






12 

I 

6 







3. True courses, and distances in miles, S 4^^ W, 19*^? 
N 10° W, ao-a ; S 17^ E, irx ; N 46° E, 8*i ; S 51^ W, ip‘8 ; 
S 6 f E, 19*3 ; S 43° E, 8*0 ; N 84'' W, x5'o. Latitude in 
56° 41' N; longitude in 75^^ 47' W. Course and distance made 
good, S W, 19*^^ miles. 





52 


lirAYIGATIOJr. 


4. July 3rd, 1858, at noon, a point of land in latitude 5^ S and 
longitude 67° 10' W, bore by compass NE ^ E, distant 3 miles 
(the ships head being N by compass, deviation 2° 45' E), afterwards 
sailed as by the following log account ; required the latitude and 
longitude in on July 4th, at noon ? 


H. 

K 


Courses. 

Wind. 

Lee- 

way 

Dev". 






Points 

0 / 

I 

3 

4 

N Jw 

NW b W f W 

3 i 

2 45E 

2 

3 

7 





3 

4 

2 





4 

3 

9 

whs 

NWbN 

2 j 

8 20W 

5 

2 

8 





6 

2 

9 





7 

j 3 

7 





8 

2 

9 

Nwfw 

kneJe 

2 | 

5 40W 

9 

2 

8 


j 



10 

2 

5 





11 

I 

7 





12 

1 

I 

5 

E 

sseJe 

1 

2 i 

0 

00 


Eoinai'ks 


Variation of 
the compass 

3f pts. w. 


2 I 5 

3 3 I 
432 

5 3 9 
638 
727 

8 3 4 

9 4 3 

10 4 3 

11 4 6 

12 3 4 


2| 6 A current sot 

the ship iho 
last 5 hours 
by compass 
n by s 3I 
miles an 
3I 4 57 ® hour. 


CODT^ and distances in milss, S ii° W la-o. 
to 35' W.' Co„«, aid m'aSe'A^I 53 O 3 ^; 
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GEEAT CIRCLE SAILING. 

I. It has already been mentioned that the distance run by the 
ship upon the rhumb line is not the shortest distance ; the adoption 
of this line as the gmde from place to place has arisen from the 
circumstance that the course is uniform throughout the track, and 
from the great simplicity with which the course can be found by the 
aid of a Mercator’s Chart The uniformity of the course on the 
rhumb line, and the straight line which represents the rhumb line upon 
the Chart, are apt to give an idea of directness which does not 
really belong to this manner of sailing. 

The shortest distance between two places is the arc of the great 
circle which passes through them, and therefore it would in all cases 
be better to sail upon this arc than upon the rhumb line. 

3. Now, a groat circle passing through any two given places will 
meet the equator at two opposite points ; and the pomts midway be- 
tween them will be those which are most remote from the equator, or 
those which have the greatest N or S latitude. 

4, Of the two places between which the arc of the great circle lies, 
that which is in the highest latitude is denoted in the following rules 
by tlie letter B, and the other by A, 

3. Of the two points furthest from the equator mentioned in para- 
^aph 3, that one which lies nearest to B is called the Vertex, and is 
denoted by V. 

6. The point Y may or may not fall between the mven places. 
But if tlicy arc on the same parallel of latitude, it wul be exactly 
half-way between them. 

7. The equality of the course is not a feature of the great circle 
track, and therefore it is necessary from time to time to cl^nge the 
direction in which the ship is steered, and the method of finding where 
and how much the course must bo changed constitutes Great Circle 
iSailing, 

8. And in the following rules it is divided into these five 
problems : — 

I. The computation of the shortest distance. 

£&. To find the latitude of the vertex V. 

3, To find the longitude of the vertex V. 

4. To find a succession of points upon the great circle* 

3. To compute the course and distance from point to point. 
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I. Direct compitatim of distance* 

I. Add log. cos latitude A, log. cos latitude B, and twice log. sin 
I diff long., and after rejecting %o from the index, half the sum is the 
log. cos of an angle x. 

Formula, cosx = (cos lat A x cos lat B x i -Z) long.) 

% Taie the sum and difference of x and | diff. lat. 

3. Add together the log. sines of this sum and difference, and half 
the sum is the log. cos ^ distance. 

Formula, cos distance- >/ {sin D lat.) . sin {x ^ D lat.)} 

2. To find the latitude of the vertex. 

I. Add log. cos latitude A, log. cos latitude B, and log. sin diff. 
long, together, and subtract log. sin distance, the remainder with its 
index diminished hy 10 is the log. cos of the latitude of the vertex. 

Formiaa, m lot. V ££s to. A x cos lat B x dn diff. long . 

sin dist. 

3. To fmd the longitude of the vertex. 

I. Add log. tan laiitude A, to log. cot of the latitude of the 
vertex, and after rejecting lo from the index, the sum is log. cos of 
the (hfference of longitude between A and the vertex. 

Formula, cos diff. long. = tan lat A. x cot M. V. 

_ a. This difference of longitude is ^t or west of A, according as B 
IS rast or we^ of A ; and allowing it upon the lonaritude of A. the 
longitude of the vertex is found. ’ 

B tlm imputed difference of longitude is less than the difference 
of loimtude between A and B, the vertex lies between them, other- 
wise the vertex is east or west of both B and A, accordina- as B is 
east or west of A. ° 


Examples. 


I. Eeqnired the distance on a great circle from the 
Hope to Swan River ? 


Cape of Good 


Lat 

Cape of Good Hop© . . 34O o'S . . B 
SwaaEiT^ .... 32 3 S . * A J * 


Lou^. 

18° 20' E 
1x5 45 E 


57 

58-5 


Diff long , 97 

Half diff. long. 48 


25 

42-5 


Diff lat . . 
Half diff. lat , 
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Half diff long 48° 42' 5 ... 

. • Sin 9*875848 

2 

Lat. A 32° y , 

Lat. B 34 0 , . 



19 751696 

. . cos 9*928183 

. . cos 9*918574 



2)19-598453 

Half diff. lat. . . 

• 50° 57'-5 . 

58-5 . 

. , cos 9*799226 

Sum .... 
Dim , 

. 51 56-0 . 

• 49 59’0 • 

. . sin 9*896137 

, , sin 9*884148 



2)19*780285 

Half distance, , , 

, 39 ° 3''5 ■ 

» 2 

. . cos 9 890142 


78 7 
60 


Distaaico , , . 4687 imles. 


a. Eequired the greatest south latitude reached pn this voyage ? 


Latitudo of A ... 
Latitude of B ... 
Difforonco of longitude , 

. 32° 3' • • 

. 34 0 . . 

, 97 25 . . 

. . COS 

. . cos 

> • SUL 

9*928183 

9-918574 

9-996351 

Distance ..... 

• 78 7 . 

. . Sin 

29*843108 

9*990591 

Ijatitudo of tlio vertex V 

. 44° 35 '-5 

, , cos 

9-852517 


3. Required the ship’s longitude when in the highest latitude ? 

Latitude of A 32^ 3' S , . . , .tan 9*796632 

Latitude of V 44 35*5 * • • - * cot 10*006191 

50° 35' , • . . , coa 9*802823 


•** 50^ “ the dlflcrencc of longitude between A and V, west be- 

cause J) is west of A. 


Lougitudo of A 1 15® 45' E 

Liiferonco of longitudo , . . , . , 50 35 W 


Longiiudo of vortes: V 


65 10 B 


To find a Buornmn of points on the great circle between two places 

A and JB. 

I. Ginhbal Rule. To the log. cosine of the difference of longi- 
tude between the vertex and any other point on the great circle, add 
thc^ log. tangent of the latitude of the vertex, and the suna, rejecting 
10 from the indc^x, is the log. tangent of the latitude of the other 
point. 

Tomgmt latitude P = cosine difference of longitude x tangent lat K 
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Example. The longitudes, 30°, 50°, 70° 90^, E, lie between the 
longitudes of the Cape of Good Hope and Swan Eiver, required the 
ship’s latitude when she is in each of these longitudes while sailing on 
a great circle between these places? 

The longitude of the vertex has been found to be 65° 10^ E, and 
therefore the differences of longitude between the vertex and each of 
the given longitudes are found thus — 

Long T . 65'> 10' E ^ . , 65Q 10' E - . 65° 10' E . . 65O 10' E 

Long , . , 30 0 E * . .50 o E , 70 0 E . .90 o E 

MT. long, . . 35 10 ‘ 15 10 4 £0 24 50 


And then the required latitudes are computed as follows — 

LiCbng. 35® 10' , , cos 9** 9 1247 7 • • Lidff long. 15® 10' . cos 9*984603 

LaiY 44 35*5, . tan 9*993809 . . .9993809 

38 52 . , tan 9*906286 43 35 .tan 9*978412 


Diffllong 4^50’ . . 0089*998453 

lat V 44 35 • . tan 9 993809 


44 ^9 » • tan 9*992262 


Lrfiflong 24® 50' . cos 9*957863 

9 993809 

41 49 .tan 9*951672 


Therefore the following points, including the vertex, lie upon the 
great circle — 


Lat. . 
Long . 


0 D 

38052'S . 4-3° 35'' S 

30 oE • 50 oE 


V 

44° 35 5 S 
65 10 E 


B F 

44° 29' S . 41® 49' S 
70 0 E , 90 o E 


The places C, D, V, E, and F can now be found upon the chart, 
and the track neatly traced through them with a pencil ; this will 
show what islands, rocks, &c., lie on the way. 

remains Jmt to find the conrse from the Cape to C, 
P’ ffoni D to E, and so on, until the voyage is completed 
by s^mg from G to Swan River. * And these courses noay be com- 
puted by middle-ktitude sailing. 


^ Cape of Good Sope . . 34O o'S 
^ . 38 52 S 

Diff. latitude . . . ^ 452 = 292S 


18® 20' E 
30 0 B 


II 40 E 


Mddle latitude 


Jbf Gowse, 
Difif long. 700 . , , 

Middle lat, 36® 26 cos 


. 56 26 


2-845098 

9‘9®5552 


Diflf lat 292 


3:2-750650 
- i'4653d3 




umerenoe 01 longitude 
-For the distanee . 

Dififlat. 292 , , * 2*465383 

CJouise 62®^ 36', . see 337054 

4‘5 . 


CoiiiseS62®36'E 401110*285267 


. 2*802437 
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Thus on the first run the true course is S 36' E, and dist. 
634*3 miles. In the same way the course and distance is found from 
C to D, D to V, &c. 


toO 

. S 62° 36' E . . 

. . . 634-5 

0 toB 

. S 72 36 E . 

. . 946-4 

BtoV . . , 

• S 84 43 E . 

... 657 

YtoE . . . 

. N 88 12 E . . 

, . , 206 9 

E to F 

. . N 79 39 E . . 

. . . , 890 6 

and E to Swan Biver . 

. . N 64 37 E . . 

. 1367 0 


Sum . . . . 

. . , . 4702*4 


We may now inquire how much has been saved by thus sailing 
from point to point of the great circle, by finding the distance which 
would have to be sailed on the rhumb line, and since the Cape and 
Swan River differ less than 2° in latitude, this may be done by middle- 
latitude sailing. 


Capo of Good Hopo . . *34 

SwanBiVor 3^ 


oS ® 

3 S 115 45 E 


Diff lat 117 nulos i 57 ^^ 97 25 E 

60 

2)66 3 

Diff. long . . 5 845 

Middle latitude 33 i *5 — 


For the course. 

Biff long 5845 • - 3 ’766785 

Mid. lat. 33O i'«5 cos 9*923468 


13*690253 

Biff, lat 117 . . . 2 968186 


Course N 88° 38'E Ian 11*622067 


For the distance 

Biff lat. 117 . . . 2 *068186 

Course 88° 38' . sec 11*622501 

Bisi 4905 *5 miles . . 3*690687 


Therefore the distance on the rhumh line is 4905 • 5, and subtracting 
the whole distance found by the other method, 

On the iliumb lino 49°5 * 5 

Erom point to poml of Uio groat ciiclo . 4702*4 


Bifforenco * * 


Thus 2^03 miles have been saved. It will be seen that tlic wbole dis- 
tance on the great circle, 4687 miles, is less than cither of those, but 
by increasing the number of points between the places, the sum of the 
distances from point to point of the great circle may bo made to agree 
still more closely with the distance on the great circle. The last run 
of 1364 miles, for instance, might have been divided into two dis- 
tances of about 700 miles each, by assuming another longitude of 
100® E between the longitude 90^ E and feSwau lliver. 
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Second Method. 

To find the Tmgitude of the vertex. 

longitude of the vertex may he computed directly from the 
latitudes and longitudes of the places between which the voyage is 
made ; and independently of the distance between them, as follows : 

1. Find the difference of latitude ; call this D. 

2. Taie the mn of the latitudes when they are both N or both 

S, and the difference when one is N and the other S • call 
this the mm of latitudes, and denote it by S. ’ 

% 

3. Find M/ the difference of longitude^ and denote it bv the 

letter L. ^ 


4* Find the middle longitude^ by taking half the sum of the 
lo^tudes when they are both E or both W, or half their 
difference when one is E and the other W ; denote this by 
the letter M. It is of the same denomination (east or west) 
as the greater longitude. • ^ 

5. Compute X by means of this formula 
fan -Z" == cot L , cosec S . 

and insider X as a diference of longitude east or west, 
S)^ ^53) ^ ^ (paragraph 

^themCettrTl?^? adding 

toem topth® when they are both east or both west or 

^ing them ifference when one is east and the other west 
The sm or (Merence is the longitude of the vertex of the 
same denomination as the greater. ^ 


For Sample, from the preceding question 


B’s lat , * 
A^s lat , . 

Diff lat . . 
Sum of lats . 


o r 


• 34 oS 

* 32 3 S 


B’s long 
A’s long 


S 


66 3 


-Uift long. 

, Half diff long 

Half sum CKC middle lon^^de^' 


» 18 20 E 
. 115 45 E 

• 97 35 

. 48 42-5 

• 134 5 

^7 2*5 E. 
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To complete X 

O r 

Ij 48 4-2*5 , * , cot 9*943625 

8 66 3 , . , cosGO 10*039101 

D I 57 , • , sm 8*531828 

"X T 52*5 . , .tan 8*514554 


X is BOW to be considered as a difFerence of longitude west, because 
the place B is west of A ; and it must be subtracted from the middle 
longitude M, ■which is east. 

0 / 

M 67 3 ' 5 E 

X I ja-sW 

Longitude of the vertex - 65 10 E, agreeing exactly with that 

which was found by the former method. The vertex is or is not be- 
tween the given places according as X is less or not less than half the 
dijfference of longitude L ; and when X = o, the vertex is midway 
between them. 


To find the latitude oj the vertex. 

1 . Find the difference of longitude between the place A and the 
vertex. 

2. The latitude of the vertex may then he computed from this 
formula : — 

Cot (lat. V) = COB (P long, -4 - F) x cot {lid. A), 


XoTigiiudo of A . . 
Xougituclo of V . . 

J) long . . • ^ • 

Ijtii. oi A . . 


o / „ 
115 45 B 
65 10 E 


50 35 cos 9 802745 

333 cot 10 203368 


Lai. of T .... 44 35 '5 cot lo -006111 


Also agreeing witli the result of the former calculation. 


BXA.MrLB8. 


T. lleqnired the distance, and the latitude and longitude of the 
vertex on the great circle, hetvecn, Sau Er^citsco (lat.^37 48 Xj 
long. 132° W) and Owhyhee (lat. 30° 17 N, long. 155 59 W) ? 

Answer, distance 3047 miles, lat. of vertex 42 35 

long, of vertex 89 41 w. 
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a. Required the distance, ahd the latitude and longitude of thp 
great circle, between Lisbon (lat. =58° 4a' N loner 
9 9 W) and Bermuda (lat 33° 33' N, long. dV 30^ W) ? ’ 

Answer, distance 2688 miles, lat. of vertex 3^'^ 41’ jN 
• long, of vertex 34° 17'* 3 W- 

3. Required the distance, and the latitude and longitude of the 
vei^x o^he great circle, between Sierra Leone (lat. 8°*oo' N" lono- 
13 JS W) and Trinidad (lat. 10° 39' N, long. 61° 34' ^ 

Answer, distance 3836 miles, lat. of vertex 10° 48' N, 

long, of vertex 31° 30' w! 


an following article, in continuation of this subject, contains new 

fl'o Great Circle tract, where the 

bated t herr|S!Si%^ aiwiedjd. ** 


CIRCULAR ARC SAILING 

horizon: in this position of the fflnha ® of tne wooden 

horizon represente the great circle wooden 

the globe. This is in 1 ^ ^ “^rked upon 

of « Great Qrde s“lti ^^ireJhSS^ if 
through which the great circle «a« ' ^ vanous places 

The distance betweS. ttie X®f hemispheres. Ldly. 

of degrees mtercepted between them^^°^ Tv number 

3rdly. The latitude and lono-ifi,de wooden horizon, 

which reaches the highVt iftS ^1*^^ “’^ele 

called the “ V^x.“^ as before stated, is 

fhrlugh iK two*^^£^is^°g ma P^™g 

globe the labtudes^d iLgitudes of al P^°eeed to take from the 

upon the circle as may f “^ny pomte or places situated 

spon^r^ positions u^ tirShTf 
P”^ Ij tawing a curved W a.,<,ugh taubXT^^bL"*: 
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grapMcal roprcscntation of a Great Circle upon the chart, without any 
computation, and sufficiently accurate for nautical purposes, provided 
the globe is not less than about 8 inches in diameter, and accurately 
made. 

§ 3. The nature of this curve is not sufficiently elementary to he 
explained here, hut its general form is represented upon the small 
Mercator’s Chart hero annexed. 



Tlio curve PllQ AVB shows the direction of the great circle 
which passes through the points A and B, which represent the Cape 
of Good Hope and the south part of Van Diemen’s Land. Although 
in sailing from one place to another the navigator is only concerned 
with that portion of the great circle upon which he means to sail, the 
curve is, neverthelcHs, continued through both hemispheres upon the 
cluirt, in order that its general form maybe the better comprehended, 
'riie northern and southern portions of this curve are obviously equal 
and similar to each other; and the curve cuts the equator at two 
IKtints r and Q, at a distance of 180 degrees of longitude from each 
other, and at an angle, which at the point of intersection, or contrary 
flexure, is equal to the latitude of the vortex, or the inclination of the 
planes of the Groat Circle and Equator. In like manner the curve 
PV” QV' represents another great circle when projected upon the 
chart ; the highoBt point of latitude V" or V' being 80 degrees. The 
ar(5 KNI represents the portion of the groat circle which passes 
through Charles-Town and the Land’s-End. Also GH, that which 
pusses between the Sandwich Islands and Cape Horn. 

§ 4* ticar approxiinatioti to a circular form of the portiou of the 
curve which is nearest to the vortex affords a very easy and siunple 
jinsle of delineating upon a Mercator’s Chart a ship’s route between 
two places tlms situated. 
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Prob. A. To represent upon a Mercator’s Chart the great circlo 
route between two given places which do not differ considerably in. 

iEtltUClCs. •' 

I. Determine the latitude and longitude of the vertex • either 
hy computatim or iy a globe, ^ 

2 Though the thee points, viz., the two given places and the 

vertex, d^cr^e tUarc of a circle. This arc will represent verv 
marly tJm Great Circle route, ^ ^ 

3 Upon thh arc thx geographical positions of any number of 
points can he dxterrnined at pUamre to a degree of akwacvwlmi 
will dxp^ upon th scale of the chart, which Lawn pofrvts can 

be sM towar^ m succession hy either using Middle Latitude 
or Mercator s Sailings. ojamuae, 

We sM put this method to the test by applying it to tho dotermi- 
mtion of an approximate great circle route betwecSthe Cano ofSd 
Hope in lat. 34° 22 S, long. 18° 26' E, and the south pS of 
Diemen s Land^ m lat, 42° S, lono- V i 

represented upon the small chart by I aid B ^ ThJ 
vertex V is 62° S, and long. 87° e[ and tLlmo 
^ on a great circle, computed by spherical trigonometry, ifs^ ss 

m nuinber, and to be situated on the meridians^of 30° 40° 

Ea^ longitude respectively. The following ’ 5 ° » &c., 

positions of these noints -frAni o ^ g'®<^g‘niphieal 

k degrees „fbn|S“d^“L%:itst?dr° " fT' 

ae pomlB ree e.mp.ted by aeaes of Merest.?, Mini?'” ^ 
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The ' distance by this approximate great circle in the foregoing 
example exceeds the true distance upon a great circle computed by 
means of spherical trigonometry by 9 miles only, a diflference obviously 
too small to be taken into account ; and which difference is, more- 
over, exaggerated by the very limited scale of the chart used in deter- 
mining the latitudes of the intermediate points, which may be 20' or 
30' from the truth. 

§ 5. A serious difficulty occurs in the application of great circle 
sailing to navigation in high latitudes (where this method of sailing 
might otherwise be employed to the greatest advantage), arising from 
the dangers and obstructions which frequently occur in the vicinity of 
ice. In the example last given, it appears that in sailing from the 
Cape to Van Diemen’s Land upon the arc of a great circle (which is 
represented upon the small chart by the arc AVS), the greatest lati- 
tude to which the circle reaches is 62° S, which is a higher latitude 
than most navigators would wish to attain. 

If, in order to meet this diflSiculty in the above case, the latitude^ of 
the vertex bo limited to 50° S, it will be found that the corresponding 
great circle will not reach from the Cape to a greater distance than the 
South-Western Coast of Australia, or the span of the arc is not suffi- 
cient, the remaining part of the distance must therefore be either 
completed by other methods, or by adopting an additional great circle 
to effect the purpose. 

This consideration, as well as that which arises from frequent 
unavoidable departures from prmmsly assigned routes^ which must 
frequently occur, particularly to sailing vessels, with contrary winds, 
(errors of reckoning from want of satisfactory ohservatlons, and the loss 
of time in endeavouring to regain those routes, render it desirable to 
employ an easy method of delineating upon a Mercator’s Chart a route 
of regular and continuous curvature through the whole extent of the 
distance to be sailed through, such as can be effected and applied imme- 
diately whenever the ship’s position is determined, without reference to 
any previously determined route ; at the same time to combine to a 
cerhiin degree the advantages of great circle sailing* depending upon 
the maximum latitude intended to reach. The mode of effecting thiS 
h one of equal simplicity to that of representing the great circle 
route. 

Ih'ob. B. To represent upon a Mercator’s Chart a circular route 
between two given places, the point of highest latitude being between 
the two places, and which point has a less latitude than that of the 
vortex of tlio corresponding great circle. 

1, Describe an arc of a circle upon the chart with such a 
nulim thai it may pass through the two given places, and reach 
the highest latitude previously determined upon. This arc will 
represent the circular route. 

2. this are, determine ly tie chart tU geograpUeal 
posithm of tJie points, and proceed as lefore. 
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_ We shall now apply this method to the case before mentioned viz. 
in sailing between the Cape of Good Hope and Van Diemen^s Land^ 
and suppose the highest latitude to be limited to S 5 ^ S>. ^ 

_ Join A and B, and draw the bisecting perpendicular FC" of indefi- 
mte len^h as before. On this line find the point C', from which as a, 
centre, descnbe the circular arc ADB, that shall pass through A and B 
and. just reach to the parallel of latitude of SS'^S. Take, as before* 
12 intermediate points upon this arc, on the meridians of ao, 40 &c * 
respectively. In the first of the following Tables the geographicai 
positions of these pnts are given (determined upon the same ch^t as 
before), and also the courses and distences by Mercator’s sailing. 

The second of these Tables ^ves the positions, courses and 

iwTt?o“^ThiTT^ V which the maximum latitude 
w ofoy so The centre from which the arc A E B is described is 

ScADr'’^’ than that which belongs to the 

It appears, therefore, that the distance with the maximum latitude 
hv tv! distance upon a Great Circle (which is 5 <588 miles') 

is^<o° the maximum latitude 

mdes.’ distance upon the Great Circle by 1907 


table I. 


CiBOULAB Eoun 

3 , , . , 

• . , 

Maximnm Lat. 

55 °^ 

Places. 

uts 

Long E 

Courses 

Distances. 

Oape of Good Hope . 
life mteraaediate point 
- 2ia „ 

n „ 

4 tk 

” ” 

^ ” 

t ” ” 

iim „ 

Tto Bianen’s Land” . 

0 r 

34 22 

42 30 

47 30 

50 40 

52 40 

54 0 

55 0 ! 

55 0 

54 50 

54 0 

52 20 

50 0 

46 15 

42 54 

0 t 

18 26 

30 0 

40 0 

50 0 

60 0 

70 0 

80 0 

90 0 

100 0 
no 0 

120 0 

130 0 

140 0 

147 26 

0 / 

S 48 2 E 

54 41 

64 12 

72 5 

77 25 

80 16 

E 

N88 ij E 

81 50 

74 27 

69 32 

60 4r 

57 42 

729*8 

519*0 

436-6 

390*1 

367-2 

354*7 

344*1 

354*4 

1 352*3 

3 73 *0 
400*4 

459 5 

376-1 

Whole distance . , . . , 

• • . . • 

S^ST’i 
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TABLE II 


OiROULAJR EoUTH 



Maximum Lat. 50®. 

Places 

*Ut s 

Long E. 

Courses 

Distances. 

0 ap 6 of Grood Hope . 
ist mtcrniediato point 
2nd „ 

3id „ 

S ” 

7 tli 

” 

i?th „ 

Van Diemen’s Land , 

0 # 

34 22 

40 30 

43 5 

46 0 

47 55 

49 0 

50 0 

50 0 

50 0 

49 30 

48 35 

47 0 

44 30 

42 54 

18 26 

30 0 

40 0 

50 0 

60 0 

70 0 

80 0 

90 0 

1 100 0 
no 0 

120 0 

130 0 

140 0 

147 26 

0 < 

S 56 14 E 

70 52 

67 42 

74 21 

80 43 

81 17 

E 

E 

H 85 37 E 

82 2 

76 46 

70 17 

73 24 

662 I 
473*0 
461*2 
426*3 

403 7 

396 0 

385*7 

385-7 

392-5 

396-9 

415-0 

444-6 

336-0 

■Whole distance ........... 

r— 

00 


The following is an abstract of the foregoing results : — 


Motliocls 

Maximum Latitude. 

Distance in 
JSTautical 
Miles. 

Excess 

above 

Groat Circle 

1. By Great Circle Sailing . . . 

2. „ Oironlor Arc A V B , , . 

3* j» it ADB , « • 

4. „ „ AEB , . . 

5, Bliumb Line AB • ... * 

0 

62 

62 

55 

50 

(S. 85O 9’E.) 

5388*0 

5397*0 

5457 ’ 
5578-7 

6052*0 

9 0 

69 2 
190*7 
664*0 


It is plain, frona these results, that by an indefinite extension of the 
radii of the circular arcs from A to B, both the curvature of the arcs 
and the maximum latitudes will diminish and the arcs themselves 
approach the straight line A B as their limit. 

The whole distance sailed upon any one of these circular arcs has an 
intermediate value between that by great circle sailing and that by 
Mercator’s sailing. The shortest route, however, whicnis represented 
on the surface of the globe by an arc of a great circle appears^ when 
represented npoti a Mercator’s Chart, to have the greatest extent of 
arc ; on the other hand, the least distance upon the chart, which is that 
by Mercator’s sailing, and represented by the straight line A B, is the 
longest route, and a spiral line upon the globe. This apparent 
anomaly arises from the impossibility of representing in their proper 
proportions upon a plane or flat surface, such as a chart, any con- 
siderable extent of lines or surface of the globe, and also from the 
nature of Mercator’s projection itself. 
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In the foregoing examples, the geographical positions of a numl>er 
of points upon the circular arcs were determined from the chart, anti 
the total distances computed, in order to exhibit the results due to 
difPerent maximum latitudes. But in the practical application of tins 
method, it is necessary only to assume om point at a conveniont 
distance in advance upon the arc from the place of departure. Tliei* 
determine its petition upon the chart, and shape a course towards it, 
either by protraction from the chart itself, or by middle latitude, ox* 
Mercator's sailing; and should the ship’s position, by subsequent ol>- 
servation, be found to deviate from the circular arc previously deter- 
mined, instead of endeavouring to obtain a position upon it, anotlie** 
circular arc can be described upon the chart to extend from the shij>*» 
position thus determined to the place sailed for, and another point 
taken upon it as before. By repeating this very simple process wliex* 
re«mred, the whole distance wih be completed. 

In those localities, as shown by the chart, where the projectxMJl 
great circle differs but little from a straight line, the application of tli** 

S eat circle method of sailing offers no advantage over that ot* 
ercator, since both methods then become the same. This is llio 
case within the tropics, and in those cases in which the latitiKlc** 
of the vertex does not exceed the limits of about 40 degrees from tlio 
equator. — G. F. 
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NAUTICAL ASTRONOMY. 


INTRODUCTION, DEFINITIONS, AND PREPARATORY PROBLEMS. 


The vast spherical vault in which the stars, the sun, and moon 
appear to us to be placed, we call the heavens, or celestial concave ; 
and although the sun, the moon,, the planets, and the fixed stars are 
at various distances from us, yet they appear to us all equally remote ; 
nor are we much called upon to correct this illusion of the senses in 
the practical application of astronomy at present under discussion. 

Another illusion is that apparent rotation of the heavens which 
results from the actual rotation of the earth upon its axis ; but as 
the relative positions of the observer and the heavens are the same, 
whether the earth rotate from west towards east, or the heavens 
rotate about the same axis from cast to west, the apparent diurnal 
rotation of the heavens will frequently be spoken of as a real, instead 
of an apparent motion. 

So, also, the annual revolution of the earth about the sun causes 
the sun to appear to move among the stars in a great circle, and the 
direction oi the motion may be described as from west through 
south, eastward. This also is often spoken of as a real motion of 
the sun. 

The axis of the earth produced to the heavens points out the 
celestial poles, or those points round which the apparent dmrnal 
revolution of the celestial sphere is performed ; and the plane of the 
terrestrial equator produced to the heavens is called the mlestial 

equator* 

Circles from polo to pole of the heavens, intersecting the equator 
at right angles, are called cirelea of declination^ or hour circles : one 
of these is supposed to pass through every celestial object, and to 
revolve with it in daily course ; and that one which passes through 
tlie zmith, or point directly over the observer’s head, is called the 
meridian of the observer* 

Less circles of the sphere, parallel to the celestial equator, are 
called parallels of declination ; these are the paths, also, of the 
heavenly bodies, in their apparent daily revolutions, each running on 
its i)articular parallel like a bead along a string. 

Tlio ecliptic is that great circle in the heavens which the sun’s 
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centre appears to describe annually among the stars in a direction 
S deSd, as from west through the south, eastward the motion 
be^Sed from the north side of the plane ; it meets the cyiator 
in^o pointe, called the equmocHalp^nts from Jio circums ance, 
that when the sun arrives at either of them, his path for that ^<'•7 is 
bisected by the horizon of every place, and, thus, the day and the 

night are everywhere of equal length. , • • i -ii. ti. i 

W plane of the terrestrial equator docs not coincide with the plane 

of the earth’s orbit round the sun ; hence, the apparent path of the 
sun, or the ediptie, is inclined to the celpstial equator, mul the ang o 
of inclination, which is about 23° 28', is called the Mqmt^ of tJie 

tS point at which the sun crosses from the south to the north 
side of &e equator is called the first point of Aries; Aries being 
the first of twelve parts, called signs, into which astronomers divide 

*The names of these divisions, and tlieir distinguishing characters, 
are as follow : — 


Ajcies. 

cyo 


Taurus. 

8 


Libra Scorpio 

=G= m 


Gomini. 

n 

Sagittarius 


Oancor. 

S5 

Oaprlcomus 


Ijoo, 

SI 


Virgo. 


Aquarius. Pihih^h, 

m X 


From the attraction of the sun and moon on the protuheniut parts 
of the earth about the equator, the equinoctial points move wcstwai'd 
along the ecliptic about 50" in a year ; this motion is called the pre- 

cession of the equinoxes. 

Circles perpendicular to the ecliptic, and meeting in its poles, arc 
called drcles of celestial latitude. 

The latitude of a celestial body is the arc of a circle of latitude 
intercepted between the object ana the ecliptic* 

The longitude of a celestial body is the arc of the oclbtic Ix^tweon 
the racle of latitude pteing over the body, and the first point of 
Aries„..estimated in the order of the signs. 

The dedmoMon of a celestial object xs the arc of a circle of declina- 
tion between the object and the cejuator. 

The right ascension of a celestial object is tlu^ arc of the ecpmtor, 
or angle at the pole, included between tlio circle of declination wliitdi 
passes over the object and that which is drawn to tlm fiwt point of 
Aries, and is estimated eastward, or in tlio order of the signs* 

The rigM ascension of the mmdian is the angle at the pole 
included by the meridian of the observer and the niiTidian pm^ing 
over the first point of Aries, reckoned eastward, in the order of the 
signs. 

The sensible horizon is a plane conceived to touch tlio earth at tho 
point where the observer is situated, and meeting tho celestial concave 
in a great circle. 

The rational horizon^ a great circle of tho heavens, whose plane is 
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parallel to the sensible horizon, and passes through the centre of the 
earth. 

When the term horizon only is used, it generally signifies the 
rational horizon. 

The zenith is that point of the heavens which is directly over the 
observer s head, and the nadir is the opposite point ; they are the 
poles of the horizon. 

Great circles perpendicular to the horizon, and which, therefore, 
meet in the zenith, are called vertical circles, azimuth circles, or ci/reles 
of altitude. 

Less circles, parallel to the horizon, are parallels of altitude. 

In the adjoining figure, which is a projection oi the sphere on the 
plane of the meridian of the observer, — 


Fig. 6. 





The circle A Z P B N is the meridian ; Z, the zenith ; N, the 
nadir ; 1^, S, the north and south poles. 

A B is the horizon, which here appears as a straight line, the spec- 
tator being supposed to look in the direction of the plane of this cir- 
cle, as at the edge of a circular card held horizontally before his 

eyes. ,.11. 

B is the north, and A the south point of the horizon. 

AJl the circles which meet in P are circles of declination, or hour 
circles. 

0 D is the celestial equator, and, like all great circles which pass 
through E, appears in this projection as a right line. 

The point E, which may be considered as the east or west point of 
the horizon, is 90° distant from erory point of the meridian, and is 
therefore a pole of that circle; and all great circles which p^ 
through E are at right angles to the meridian, and appear in this 
projection as right lines ; Z E N, the vertical circle at ri^t angles to 
the meridian, is called the prime vertical ^ P S, the hour circle at 
right angles to the meridian, is called the six o’oloeJc how arm. 

^Siiicc P G = Z B = 90°, if Z P be omitted, Z_ C = P B ; but Z C 
measures the latitude of the place whose zenith is Z,_theretore r Xi, 
or the altitude of the eleveded pole, is equal to the latitude of the 00- 
server. 

Z P is the colatitude. 
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Let F represent any celestial object, then F H is its declination ; 
F P, its polar distance ; F K, its true altitude ; F Z, its zenith distance. 

The angle Z P F is the hour angle, or meridian distance ; F Z C, 
its azimuth from the south in north latitude, or from the north in 
south latitude. 

FZP, its azimuth from the north in north latitude, or from the 
south in south latitude. 

The arc C H also measures the hour angle, and A K or K B the 
azimuth. 

If an object rise or set at O, E O or the angle E Z O is called its 
amplitude, and is reckoned from the east j)oint when the object is 
rising, and from the west when setting, and lies towards the north or 
south of those points, according as the decimation is north or south. 

We might have used, for our illustrations, another picture or pro- 
jection of the circles of the sphere, viz., that in which the observer is 
supposed to look perpendicularly from the zenith upon the plane of the 
horizon. 

In this the horizon appears as a circle, and the zenith as its centre, 
and all the circles which pass through the zenith — for example, the 
meridian and vertical circles — as straight lines, diameters of the 
horizon. 

The principal advantage of this projection is that it exhibits at one 
view the whole hemisphere which is above the horizon. 





In this figure the circle represents the horizon, and the reader must 
Suppose himself to be looking down upon it from the zenith Z ; N Z H 
will then represent the meridian oi the place whose zenitli is Z, 
P the eleTated pole, N P the elevation of the pole, equal to the latitude 
of the place of observation. 

W Z FT, the vertical circle at right angles to the meridian, called 
^e^nW vertical, cutting the horizon in the east and west points, 

The pomtSj E, W, are the poles of the meridian N P S, for they 
arc 90° distant from every point in that circle. All circles, there- 
fore, which cut the meridian at right angles, meet in these points. 

H, S, are the poles of the circle W Z E. 
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The zenith Z, and its opposite point, the nadir, are the poles of 
the horizon. 

WPE is the dx ddoek hour circle, 

W QE is the equator. 

If an object he at F, F K is its altitude, F P its polar distance, 
S Z F its azimuth, Z P F the hmr angle or meridian distance, and if 
an object rise at O, O E is its amplitude. 


TIME AKD ITS MEASURES. 

That instant of time at which the sun appears upon the meridian of 
the observer, is called apparent noon; and the interval between two 
successive noons is called an apparent solar ddy,^ 

Were the sun to move eastward in the equator, as he now appears 
to do in the ecliptic, and were the spaces thus passed over each day 
uniform, then the intervals from noon to noon would evidently be per- 
fectly uniform. 

But as the sun neither moves in the equator, nor are the spaces 
moved over in the ecliptic uniform each day, he does not return to the 
meridian after equal intervals of time, and therefore the apparent 
solar days arc of unequal length. 

In order to avoid the inconveniences attendant upon these inequali- 
ties, the astronomer compensates them by the following hypo- 
theses : — 

First, when the sun arrives at that point of the ecliptic whore 
he is nearest to the earth, and his progress along the ecliptic most 
rapid, an imaginary star is supposed to set out with him, and to move 
along the ecliptic at the average rate at which the sun rtioves ; at first 
the star will be outrun by the sun, but as his pace relaxes, the star 
will again overtake him, and they will arrive together at the opposite 
point from which they set out, or at that point where the sun is 
furthest from the earth, and the velocity in the ecliptic the least. 
Again from this point the star will get at first in advance of the sun, 
but the sun's rate of motion increasing, they arrive together at the 
point from which they started. If, now, the transits of this supposed 
star be substituted for the transits of the sun, the unequal motion of 
the sun is corrected. 

In the next place, this star in its progress round the ecliptic must 
pass through the first point of Aries ; and at this instant another 
imaginary body, called the mean sun, is supposed to set out, and, 
travelling in the equator eastward at the same rate as the star, they 
meet again at the first point of Libra, each having passed through 
i8o® at the same rate : they are also on the same meridian together 
at the solstices. 

If, now, the transits of the mean sun be substituted for those of the 
star, both causes of the inequality of the solar days are compensated. 

*** The stiuloni wliould alwaya Iboar m mmd that wo Bpoak of tho auu a pond, 
unlosB oihorwiBO stated. 
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The vmm scHar day is the interval between two mean mam or 
transits of the mean sun over the meridian. ^ 

The difference between mean time and ajc^arent time at any instant 
is called the equation of time. ^ 

_ The equation of time consists of two parts, one depending on the 
imqualUy of tU mn’a motion m the. ecliptic; this vanishes when the 
^h is nearest to and furthest from the sun; and the other part 
dep^ing vpan tU obliquity of the ecliptic; this part vanishes at the 
equinoxes and solstices. 

The beginning and ending of the mean solar day differ hut little 
from those of the apparent solar day, being sometimes a little earlier 
and sometimes a little later. And this near agreement is of no small 
importance ; for while the progress of the sun is the most obvious and 
natural me^ure of time, the mean solar day is its standard measure 
in civil affairs. 

The interval between two successive transits of the first point of 
Aries over the same meridian, is called a sidereal day. 

In order to compare this portion of time with the length of a mean 
TOlar day, we will consider what takes place at the time the mean sun 
m setting out from the first point of Aries on his annual course round 
tne cqnator* At this time the same meridian passes over the mean 
sun and over the first point of Aries ; and after the lapse of a sidereal 
day, during wmeh the earth has made one complete revolution, the 
mendi^ again passes through the first point of Aries; but in this 
interval the m^n sun has advanced eastward along the equator, and 
the mendian has, therefore, also to advance from west towards east 
(tor this IS the direction of its rotation) so much beyond a complete 
revolution m order to come up to it. ^ 

Thus, the mean solar day is longer than the sidereal day, and as 
each day is mto 34 hours, it is evident that in 34 hours of 

adereal time less than 34 hours of mean solar time will have elapsed ; 
in tact, 34 hours of sidereal time are equivalent to sq h. sd m a-oqo 6 s 
of mean Ume. ^ ^ 

Tabte founded on these relations are given near the end of the 
“ Nautili Alma-nac,” under the title of Tables of Time Equivalents 
by which intervals of mean or sidereal time are readily expresS ?n 
parts of sidereal or mean time respectively. ^ ^ 

Mix^le t.— What is the interval of sidereal time corresponding 
to an interval of 5 L 37 m. 56-3 s. of jnean time ? PS 


Mean Time " ' 

5 h. is equivalent to 
27 m. 

56 s „ 

*3 


Sidereal Time 
5 li o m 49*2824 g, 

^7 4‘4554 

56*1533 
3008 


56 3^ ...... 5I1 28in.5o-i7i9B. 
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JEkcamfle %. — ^What is tlie interval of mean time corresponding to 
4h. 3500. 34'37 s. of sidereal time? 


Sidereal Time 7 

4 li. IS eciTiivalent to 
25 m „ 

34 s. 

‘37 


Mean. Time 

3 ll 59 m 20 6818 8. 
24 55 9044 

33 9079 
3690 


4 li 25 m. 34‘3 7 s. 


4 la. 24 m. 50*8631 s 


If a watch measuring intervals of mean time correctly were set at 
I at the time of the mean sun’s transit over the meridian, then when 
the watch showed one hoar, the circle of declination passing over the 
mean sun and revolving with it would mak6 with the meridian of the 
observer an angle at the pole of if to the westward, for the whole 
revolution takes places in 2,4 hours. Hence appears a connection be- 
tween the angular meridian distance of the mean sun and the measure 
of mean time. 

Mean time, then, is measured by the angle at the pole between the 
meridian of the observer and the circle of decimation of the mean, sun 
at the rate of one hour to every 15°. 

Similar reasoning shows that apparent time from noon is measured 
by the westerly meridian distance of the sm — and sidereal time by 
tho westerly meridian distance of the Jirst ^oint of Aries, which is 
the same thing as if we had said the angle at the pole eastward jfrom 
the hour circle of the first point of Aries to the meridian of the 
observer, or what is still the same, the right ascension of the meri- 
dian.^ 

Hence the sidereal time, and the ri^Tit ascensiem cf the meridian, 
are synonymous expressions. 

And hence also, when any celestial object is on the meridian, the 
sidereal time is equal to that object’s ri^ht ascension. 


Fig. 8. 


jp 



illuHtrate these definitions, let 
P A be tbo meridian of cyo, or first point of Aries. 

P Cir be the meridian of Greenwich. 

P K a meridian in oast longitude. 

P W a meridian in west longitude. 

P M the hour circle of the mean sun. 
the hour circle of the sun. 

T\im MFG, TPG, and APG, which are respectively the 
winterly meridian dishmeo of the mean sm, the sun, and the first 

* Tftt) mkrmi tiuo at Uroouwicli 7n>can noo)i ol' oacli day, is givon la the “ Nautical 
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VMm, apparent, and sidereal time at 

MP w”tp wTiTp^ Sr“ *! 
><7r Zat 

eqmralent to ote tflmgitwU (ij” being considered sldl 

law hi Si to 'this ii'’ ‘'‘* 

;rl”rs 

that tl ^ ascensions of M, T W &c 

A P W the meridian PW, &c ’ ’ ’ 

aUo the r4,Jt ««STllS’m‘Si “mi' meridian pwi, 

Soi: iftsirir”"*" ‘^* -'^e -Sirs 

U toSto. ,un and tone aun, 

“deal reefconing, it'larbe^ninionh '^Se'’'* .*“ ““““e- 
menring at midnigH and S aini^'da ^ feg 

in a. >o„ing> ^ sSe afSnib 'Tt ^ 

reckoning. ^ bouts, usteonotnicul 

SirLkSl ”■*'■■ “ •>“ Aped a5th, 3 honto, in iatrono- 

The astronomical date agrees with the civil date in +ho oftrav. 
but in the morning it is Lnd by increasing X W^fi^ 
suteacting one from the days of the months ^ 

tinguUTSy'SeTelter^rm'T’'*^^^ 

degrees, minutes, and seconds, ofZc or Siglt by‘the°mr£°“’"''"‘^ 
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PROBLEMS 


Peoblem t.—To convert arc into tine. As 15° correspond to one 
liour, 

1° mil correspond to 4 m, 

^55 j) 4 

9> 5> 4 t. (thirds.) 

Therefore, mnltiply the degtees, minutes, and seconds by 4, and the 
result will be minutes, seconds, and thirds of time. 

JExampK — Convert 15° 47' 55” into its equivalent time. 


0 

i 

II 

T 5 

47 

55 



4 

63 m. 

II s 

40 t 

01, I h 3 m 

II s 

40 t. 


Peoblem a. — To convert time into arc. 

P'^irst express the time in minutes and seconds only, and then 
divide by four. 

JExample .* — Convert 4 h. aj; m. 30 s. into arc or longitude. 

Given time m niinutos, (fee. 165 m 30 s. 

Dmdodby 4 66^ 22' 30" 

PeobXjEM 3 . — To find the Oreenmoh date ; the time at any other 
place and the longitude being given. 

As the difference of time at any instant at different places is 
measured hy the longitude in time, and is latest at the eastward 
place: add the longitude in time to the date at the place, when 
the longitude is west, or subtract it from that date when the longi- 
tude is cast, the result is the Greenwich date. 

Example i . — What is the Greenwich date when it is 1 7 h. 35 m. 4^ s. 
past noon on March in 13' W longitude? 

d E m. s 

t2a® T 3' is oquivalont to 8 8 52 

And tliogivoadaioislferoh ^5 17 35 45 


Tho Oroonwioli elate is Maxell 2 (> i 44 37 



78 


NAUTICAIi ASTEOKOMT. 

The sun being on the meridian, it is apparent noon. 


TJie ^ven date is. 
Longitude in time 


d. h m. s 

April 21 o o o App, noon, 
5 2 56 


Greenwich date . . . Aprd .0 18 sT^ App. time. 

day"onL®mon?h -^and the 

be subtracted are ’taken from ^a^w’ the longitude to 

Of tha „.a* GreZlfjnri fatl" 

% fam “‘£«tar »*/“*'“■ f “»”•>> “<1 

Shodd always pSeTSnr “°“th 

else instant of the day intended. 

Pbobmh 4 .-®, («fc « th risit a,cm^ .frnrmmmnf^a 

given mean Greenwich date, 

.ionpf.he«.rGtir„“.raoi‘^ -I., ngk. ««cn. 

w'”*’?* «atled, TaiUfw 

eider eal time, with the hours ^'^ivalent intervals of 

dale .occesJ™® S?d«^E 

mean time,” and take out the difipr^r.a. , ® seconds of 
and second &c , so W LrfZT between the hours, minutes. 

thmn, under the heading, “’EqufrdentBTf sSiS 1 opposite to 

3- Write these cEno^fS jf 
sjm’s right ascension for those poSs of tiWi 
Sion at mean noon, and ad^aTras 
nght of the .t Xt 

’Htm GiLnwi^rijIsji A STs.™“ 


“terT°“ °t the mean mm at Greenwich mean nooc, . “ “ « 
f h ^ 


h m s 


Acceleration for 


r 13 h. . 


. . . 

J 54 m. . 



1 25 s. . 



1 -6 . , 

• 

• » » • 


Eight ascension of mean sun at the given date 


5*22 

8*87 

•07 

•00 


12 56 40*29 



NAUTIOAL ASTRONOMY. 


79 


OOREEOTIONS OF OBSERVED ALTITIJDEB 

The altitude of a heavenly body above the sea horizon having been 
measured with a sextant, certain corrections are to be applied to it, 
to reduce it to the true altitude or elevation above the rational 
horizon. 

These corrections are dip, index, error, refracAim, semidiameter, 
and parallax. 


DIP. 

The dip is the depression of the sea horizon, below the level of the 
observer’s eye, or below the level of the sensible horizon. 



Thus, if OE represent an observer standing on the earth at 0 , 
Z. D E H is the dip, which is to be subtracted from every altitude 
above the sea horizon, to find the altitude above the horizontal plane 
1 )E. 

Let O C = r, and O E = A, then C E = r -f A, and 
CH = CO = r 

also Z DEH + z HEC = 90°, 

and z HEC + Z HCE = 90°, 

.-. Z DEII + Z IIEC = Z HEC + Z HCE, 

omitting z H E C from each, 

Z DEH = z HCE. 


Now cos Z C = 
I — cos C = 


HO _ r 

TTE “ r + K 


nearly ; neglecting h 


ill the denominator, as it is insignificant with respect to r. 


C 


a sin“ — = 
a 


h 

r ’ 


. „C 


or, 4 sim — = 
a 



extracting the square root, 2 sin — = V x 
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bat a sin - = sin 0 very nearly = C sm i' very liearly, C bein 
S' 

YBTj smallj and rcckoned in minutes. 


/, The dip in mvmtee 


^h X 


I 

sin r 



The refraction^ however, makes the dip rather less than it woulcl 
otherwise be, and allowance being made for this, h being reckoned 
in feet 


The dip in minutes = *9784 V K 


From this it will seen that the sguare root of the height of 
mfeet is nearly equal to the dip in minutes. 


BEFBAOTION. 

The correction for r^raetion is necessary, on account of tlic effect 
of the ^h’s atmosphere, which bends the rays of liglit pasBin|]f 
through it, into a position more nearly vertical, and thus causes the 
appaimt places of the heavenly bodies to be above the true pkccs. 


Fig» 10 . 



Thns an obj^ situated at S is seen at S', nearer the zenith or at- 
a greater elevation than it would have, but for the effect of the atmo- 
spbere. The atmosphere is represented by the band of parallel lines 
and the ray S O IS bent downwards to O on its entry ^and passaffo 
through An object at Z wiU not he affected by rcfractfcm Jo 
exi^ng why the vertical ray Z 0 should be bent Lrc no 1 
d^on thm m another. The amount of the corroctio “for refra 
bon vanes with the tangent of the zenith distance, so that, 

r^ractim = 57 " . tan zenith distance, nearly ;* 

4Liomfte?l 

• Iks rule is merely approxuoate and not apphoaWo foi altitudes under rao 
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The amount varies with the changes which take place in the tem- 
perature and pressure of the atmosphere, as indicated by the thermo- 
meter and barometer. And Table V. gives the correction to he 
applied to the mean values given in Table III., on account of these 
changes. 


SEMIDIAMETBR 

The semidiameter is applied to the measured altitudes of such 
objects as have a visible disc, as the sun and moon ; the altitude of 
the upper or lower edge or limb being first observed, and then in- 
creased or diminished by the angle subtended by half the breadth of 
the disc ; as it would be measured at the place of observation. 

The semidiameter of the sun and moon are given m the Nautical 
Almanac that of the sun for every day at mean noon in page II. 
of the month ; that of the moon for mean noon and midnight, page 
III These semidiameters are as they would be observed from the 
centre of the earth, and therefore require a correction for the situa- 
tion of the observer, who is on its surface. The sun, however, is at 
so great a distance, that the augmentatim due to the nearer position 
of Sie observer need not be considered. But the moon’s semidiameter 
is appreciably changed, and must be augmented by the quantity 
given in Table VIII., before it is applied to the observed altitude of 
the moon’s upper or lower limb, to find the altitude of the centre. 

The method of computing the augmentation will be presently ex- 
plained. 


PABALLAX 

The 'parallax is a correction which is to be added to the apparent 
altitude, or that which is taken on the earth’s surface, to make it 
what it would have been, if observed at its centre, and estimated 
from the rational horizon. It is the angle subtended at the object 
by that radius of the earth which is drawn to the place of observa- 
tion. 


Fig ri. 



Thus, if O be the place of the observer, C the centre of the earth, 

a 
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X anv oMect. Then the angle CXO is the pttraUax m aU. 
WMelat Z' m the proloDgltion of the radius C O. has no par, 
When the object is in the horizon, the parallax is the greateKt, a 

called the hmmital pardlao^, and its value being kiowii, tin 
rallax at any elevation above the horizon can he computed. 


Let X represent the same object X m the horizon 


Then 


Cx = CX; 
CO ^ CO 

cx = 


or, sin a? = 


sin Z X 

nirrrcTz'^ 


. sin X X sin X 0 Z' = sin X. 


Or, as X and X are always very small angles, and tlu^refore 
vary very nearly as their sines — 


a? X sin X 0 Z' = X. 


But X is the horizontal parallax, X the parallax in altitudes 
supposing the earth a sphere, X 0 Z' is the apparent zenith (list 
or the complement of the apparent altitude. 

Hence tie usual formula, 

Sbrizordal parallax x ocs appt, alt = parallax in altituif 

The moon's horizontal parallax, as given in the Nautical A 
nac,” is, as we are there informed, ‘‘the greater angle under ^ 
the earth’s equatorial semidiameter would appear if seen frou: 
centre of the moon.” 


EEDUCTIOI^ OF THE MOON’S PARALLAX. 

'Hie earth’s equatorial radius being the greatest, it follows thii 
horizoutal parallax must he diminished to adapt it to any placer 
distance from the equator, and the reduction for this purpogf^s ia | 
in Table VI. The quantity thus found is to he subtracted froti 
honzontal parallax taken from the “Nautical Almanac.’^ 

The reduction of the horizontal parallax is greatest at tlt(% 
and nothing at the equator, and increases in the ratio of the 
square of the latitude. So that if the reduction be at the t 
in the latitude 30 °, it will be — * 

i2"‘4 X sm** 30^. 

Iogsm3o0, . . 9-698970 


9*397940 

1*093422 


3 1'' 0*491:362 

Thus in latitude 30 *^ the reduction will be 3 ” * 1 
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If c represent the compression, or the dijflFerence between the polar 
and eq[aatorIal radii, and a the equatorial radius, and C P the radius 
at any point P whose latitude is Z, then by the principles of conic 
sections — 


=1 . Sin H nearly. 

a a 

But ^ ^ — Horizontal parallax for P _ h 
a tiorizontal parallax at equator A' 

^ ^ ^ • 27 

—■, > = I — — • sin H. 
h a 

or, h = K - h' 

^ a 

(j 4 

Therefore • sin H is the quantity to he subtracted from H or 

the equatorial horizontal parallax, in order to find A the horizontal 

parallax for the place P ; the factor— depends upon the form of the 

spheroid, or upon the amount of compression ; assuming its yalue as 
the computation of the reduction of the horizontal parallax will 
be as follows, when the horizontal parallax from the ‘‘Nautical 
Almanac ” is 6q\ and the latitude of the place for which it is required 
to reduce it 

= 12" . sm2 52° 


300 

Bin 52° . . . 9 ’896532 Honzoutal pajaUax. ... 60' o" 

2 Reduction 7*45 


9 ' 793064 Reduced horizontal parallax . 59 52*55 

12''. . . I '079181 


Eeduoiion 7"'45 . . 0872245 


ANGLE OF THE YEETICAL 

On account of the spheroidal form of the earth, the flattening at 
the poles, and the Wlging at the equator, consequent upon its rapid 
rotation, the radii are not perpendicular to the surface, except at the 
equator aad the poles, and therefore C Z' in the last figure is uot 
generally perpendicular to the sensible horizon (O x) of the observer 
at O, and Z' therefore is not exactly in the zenith. , . 

The deviation of C Z' from the vertical is called the “ angle oj tim 
vertical the inclination takes place in the plane of the mendim 
from the pole towards the equator, and varies in amount with the 
sine of twice the latitude. It is consequently greatest at the parallel 

G 
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of 45°, whffle its value is ii' 27"' 3- This bein^ denoted by 6 , the 
fOTiBula for computiug its value for any other latitude [ 1 ) is 

0 . sin 1 . 


Fig. 12. 



In tibe %ure5 let O be the place of observation, C the centre of the 
earth, HO A the sensible horizon touching the earth at O, OZ per-* 
pendicukr to H A meeting the heavens in Z the zenith, whereas the 
raiinsCO produced meets the heavens in Z' ; then ZOZ' is the 
0/ vertical. The angle Z N E or ONE between the ver- 
Z N and the plane of the equator is called the true latitude of 
O, and ihe angle at the centre 0 C E is the reduced latitude ; O C E 
being less than 0 N E by the angle of the vertical N 0 C. 

Let 0 M he drawn perpendicular to E Q, then 

= tan 0 NM = tan Z' ; and = tan O C M = tan L 

Therefore, by division, 

’ ^ ^ M C tanT 

-R,. MN CP 

Butman elhpseg^ = ^2. 

(> denoting CE by a and C P by 5 , the equatorial and polar radii 
of the earth— ^ 

MN 

MC a^* 


Therrfbre 


_ tan Z , 


From tbis, knowiDg the value of the reduced latitude may bo 
oompited from the true latitude. 

Assuming the compression at of the greatest radius, 

M 

The logarithm of ^ = i .997100. 
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Emm^ple. — Required the angle of the vertical or reduction of lati- 
tude for the true latitude 55 °. 

tan 550 . . . , 154773 

I '997 100 

Beducedlat, 54° 49' 12" . , . . tan lo- 151873 

True lat. 55 

Keduction . 10' 48'' 


When the moon is on the meridian at her upper transit, the zenith 
distance should be diminished, or the apparent altitude increased, by 
the whole amount given in Table VII, before the parallax in altitude 
is computed from the formula 

Sorizontal parallax x cos app, alt. = parallax in alt. 

When on the meridian below the pole, the correction must be 
added to the zenith distance or subtracted from the apparent altitude. 

And when she is not on the meridian, the azimuth should he 
observed or computed, and the correction to be applied to the zenith 
distance may then be computed by this formula : — 

Correctim = angle of vertical x cos azimuth. 

The azimuth being reckoned from the north in south latitude, and 
from the south in north latitude. 

This correction will be — while the azimuth is less than and 
-j- when it is greater, and nothing when the bearing is east or west. 


Fig. 13. 

JT 



Let N E S W represent the horizon, the eye being supposed to he 
placed at the zenith looking perpendicularly downward. 

, Let N S represent the meridian, P the pole, Z the zenith, 71 the 
point where the radius produced meets the heavens ; then Z 7' mea- 
sures the angle of the vertical in the former figure. 

Let M represent the position of a heavenly body, M Z its zenith 
distance, M Z' its reduced zenith distance. 

If Z' p be drawn perpendicular to M Z, p Z will he very nearly the 
difference between M Z^ and M Z. 

Now p7 — 7 7\ cos Z. Z. 

or Correction = angle of vertical x cos azimuth. 
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THE AUGMENTATION ON THE MOON’S SBMIDIAMBTKll. 

LetX (feure at page 8i) represent the moon, O the plaeo of ol>- 
servatioD, C the centre of the earth It has already IwJon Hai<l thdt 
s^nidiameter as \dewed from C is given in the' “ Nautical Altnaiiiic i 
let this be denoted by « ; then the semidiameter as soon from () will iKt 
greater, in the gflune ratio that the distance C X is greater tliau X O ; 
fet this increased semidiaraeter be expressed by « + a, where a ia this 
augmentation sought. 

Let X 0 Z', the apparent zenith distance =« z, the p<irttlU»Jt 
Z X = p, then X C Z' the true zenith distance = z — p. 


Then 


C X a “1“ d 

TO — r‘ 


Also by the triangle CX O — 

C X sin z 
ro- ' sm (^2 - pY 

£_+«_ sin z 
8 


Thetefore 


’sin (z --pY 
And resolving this equation — 


a « . sin 4 . cos ( z - 

a »- 3 / 

sm (z —p) » 

Ata».c, W.,, .t „ u»d in cnrooUm, 


correcting att 




Hot . Mae = hor par. x cot. app dU. 

3537" log 
^•it4i°C8e . 


<,o l36a,9 , . , 

1-- 45 40 

^ •“ 54 

<». r6' 4 
2 

2$ ^32‘8 = 1928' 


3 -5486^5 
9*871073 

3,419708 


app. aJt. . . 

app. zenith dlst 
1 

2 • • 


(-f) 

i> . 
(*-jp) , 


O 4 H 

47 o O 



47 38 6 



47 *8 II 
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a = 


• P 

% a . sm— . cos 
% 


) 


sm (25 — j?) 


2 s 1928" log 3 285107 
'^ 23 ' 54 "S 1 I 1 7*804173 




55 — 47^ 38' 6'' COS 9*828564 

20*917844. 

(55 — jp) 47° 16' ii" sin 9 866025 
a , . ii''*27 . 1*051819 


THE SEXTANT. 

Let A A be a line directed towards an object A, and across this line 
suppose a small mirror H to be placed ; in the figure the mirror may 


Fig. 14 
s 



be supposed to stand perpendicularly on the pfippr. Let H A be per- 
pendicular to the face ot this mirror. Draw HI, making the angle 
I H A = A AH A. At I, suppose another mirror represented by the 
short black line to be placed, facing the direction I w., or so^bat \ m 
is perpendicular to it, and draw SI, making L « I ^ ^ , 

Now if S represent another oWeet, the ray SI wdl be reflected by 
the mirror I, in the direction I H, and again by the mirror H, in the 

An eye at A, therefore, or at any point m H A, wiH see the image 

of the object S in the direction A A. ^ ^ v j. 

If then the mirror H be left half unsilvcred, so that the object s 
may also be seen ; then both A and the image of S will be seen in 

the same direction. xx * • a ..-l li. a a j. 

Now let S I be produced to meet B. A m A : then the angle S A A 

is tbe angular distance between the objects S and h. 
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Bymakine I movable about the centre, the images of object af 
various distances from h, may be made to coincide with h in 

thd »nie manner. , t 

It will now be shown that the inclination of the mirrors to eaen 

other is ^ual to half the angle A. 

Aloh = ZHo7^, (Euc. I, 15.) 

Z Tclo = z oHriy each a right angle, 

/. Ln - Lh, 

Again SIH = IHA-f-A, (Enc. I., 3^^.) 

iSIH = ilHA+^A; 
or, m I H = I H ^ 4" 2 A. 
hut, mIH = 

Hierefore IH^+* = IHA + ^A, 
omitting I H A from each, 

Ic = iA; 

mii therefore n - ^ A.. 

Or, the indination of the mirrors to each other = -J- Z A. 

if any mechanical means can be employed to measure the 
ineiination of the mirrors, the angle A, or the. angular distance of 


Fig 15 



two ohj^ can be pertained. For this purpose the glasses are 
SSf ^illV to thi^ Xss I is Ituchod a 

t* ^ I ^ turned about, the centre, 

Ate limb V L m divided into degrees, &c. And these divisionK 
nurorsT^d^H are'” the point at which the index stands when tlus 

•Jidire are moved 

of dm it VY'teaaC^lVrrS 

■»*«d =. almloZ^Sa ttfa.lS"??’*! “ ^Sre * aro 

reed o5 a„ » tliM the degree, 

“'“eaameof theaagleeubtadedhytheoljcote 

saa'e piano 
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tlie divisions would coTtiraenoe at v instead of V, and the index would 
arrive at v’ instead of when carried along the limh, aud vv* - 
V V' ; or the measured are would remain the same. If when the 
mirrors are parallel, the index do not stand at zero, hut rather in 
advance, or to the left, then every arc read off will be too great and, 
on the contrary, if it stand to the right, every measured arc will be 
too small ; this constitutes what is catted the index-error^ which must 
always be ascertained by careful observations in the manner hereafter 
directed 

The index at V is furnished with a scale for subdividing the divi- 
sions of the limb; this scale is called, from its inventor, a Vernier, 
and is thus constructed. Suppose the divisions on the limb to^ be 
each I o', as is usually the case in a sextant; then 59 such divisions 
will contain 590', and this length being divided into 60 ecj^ual parts, 
the value of each of the new divisions will he 9' 50", ox 10 less than 
each of the divisions on the limh. And these 60 divisions constitute 
the Vernier scale, which is attached to the extremity of the movable 
radius I V', and slides along the limb I V. 

It will he seen that 6 divisions of the Vernier are just i' shorter 
than 6 divisions of the limh. If therefore the stroke which marks 
the 6th division of the Vernier were to coincide with one of the 
strokes upon the limb, the index or zero-point of the Vernier would 
he just r in advance of the corresponding mark or stroke upon the 
limb. In the same manner, if one of the marks which terminate the 
lath, 18th, H^h, &c., divisions of the Vernier were thus to coincide 
with a mark on the limb, the index of the V ernier would be 2'. 3^, 4^ 
in advance of the corresponding division of the limh, and thus the 
lo-minute divisions are divided into single minutes. These points 
of the Vernier are distinguished by longer strokes, to facilitate the 
counting. 

Moreover, if any mark between these sixths or minute marks 
coincide with a division of the limh, for each such mark past the 
preceding minute, the index will he further advanced 10", and thus 
the reading may be completed to the nearest lo" by means of this 
ingenious contrivance 

The general principle may be thus explained — 

Let n represent the value of each division on the principal 
line or limb ; 

w, the number of these divisions, taken as the length of 
the Vernier scale. 

Then mn ^ the value of these m divisions. 

And this being divided into m + i eq[ual parts, gives 

for the value of each division of the Vernier- 

m + I 

And therefore n - or —r~ = the difference between one 

m -fr I m-j- 1 

division of the limb and one of the Vernier. 
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No* OB the sextant n = lo', and if it he required to subdivide to 
lo*, we have the equation to solve — 

„ lo' 600" 

= 10 or 


n 


-{- 1 


= 10'', or ■ == 10" ■ 


' ■ wi+ I 
/. 600 = 10 m + 10. 


Wli0tK^ it is easy to perceiye that — ^ 9 / , , 

If » = 20^ = two divisions of the limb, wi is 119; or 119 divisjons 
of the limb are taken for the length of the Vernier, and this is now a 

ttjmmon mode of construction. n xr • 

The same principle applies to the divisions of Verniers for baro- 
meters, t t* * 1 

^ of an inch, and let it be required to subdivide to 

icx3#is of an mck 


or, muldplying by 100 ; 


m + I 
10 


= I 


xo = -f- I, or m = 9. 


‘?7l+ I 

Therefore the number of divisions taken from the principal line 
must he 9, and this length must be divided into 10 equal parts, and 
then fee Vernier scale is constructed. 


I is cahed fee index-fflass, H the Jiorimi- glass, L V the Umh, and 
a tdemope T is attached to the instrument, to enable the observer to 
mark the contact of the objects observed with greater exactnesa 
In taMng altitudes at sea, the instrument is neld in a vertical posi- 
tion by means of a handle attached to the back, and then (fig, 14) h 
representing the horizon, and S any celestial object, the arc v V^ will 
^ve fee altitude of the object above the sea horizon. 

On shore an artificial horizon is used, consisting of a small 
r«;teagoW trough, filled with liqmd, generally mercury, and feen the 
migakr distance between the object and its image in fee mercury i» 
which is double the angle between the visual ray which 
from fee object, and the horizontal surface of the mercury, 
and tharefme double fee altitude of the object. 

The tel^^ope is furnished wife a screw to regulate ite distance 
the plane of fee sextant, and to direct it more or less towar<lB 
tte Slivered or ursdvered part of the horizon-glass, and feus to render 
m 0b>(^ which is seen directly through the clear portion, and the 
tttege refiected from fee silvered portion, equally distinct. 


Tie lAMinente of the instxumeuts are, to make all the mirrors 
axis of the telescope parallel to the plane of 

are v^ns screws for making these adjustments, the method 
of ^ using the instruments, will bo best 

a skilful teacher ; but the 
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The frame which holds the index-glass is fastened to the index hy 
means of two screws behind it ; and behind these is an adjusting 
screw. Having placed the index about the middle of the limb, as 
V' I (see fig. 15) is placed, turn the face of the instrument up- 
wards, and look obliquely into the glass ; and if the image of V V' 
appears on a level with V V' itself, as seen by the eye, the index-gla^ 
is perpendicular to the plane of the instrument ; but if the image ap- 
pears lower than V V' tighten the adjusting screw , if higher^ slacken 
the adjusting screw till the limb V V' and its image, seen by reflec- 
tion in the glass, appear one continued plane. 

To make the horizon-glass perpendicular to the plane of the instru- 


ment : — 

This adjustment is made in some instruments by means of a screw 
passing through the frame, and in others by a screw behind, turned 
by a key, or a small capstan-pin, which is put into a hole in the head 
of the screw. 

When the instrument is furnished with a telescope, the adjustment 
is generally made thus : screw a dark glass on the end of the tele- 
scope, and, looking at the sun, make the two images pass over each 
other, and if they do not exactly cover each other in passing, turn 
the SCTew for the perpendicular adjustment of the horizon-glass till 
they do so. The adjustment may be made with equal readiness by 
means of the moon or a star, without the use of the dark glass. 

To make the axis of the sextant telescope, when it is an inverting 
one, parallel to the plane of the instrument, turn the eye-piece nf the 
telescope till two of the parallel wires in its focus appear p^allel to 
the plane of 'the instrument ; and bring the sun and moon, the moon 
and a bright star, or two bright sUrs, being 90 or more distant from 
each other, m apparent contact, on the wire next the mstament; in- 
stantly bring them to the other wire, on which, if they shll appear m 
contact no adjustment Is required ; if they separate, 
furthest from the instrument, in the ring which holds the telescope, 
and tighten the other ; and vice versa if they overlap. On a few repe- 
titions this adjustment may he made perfect, and it is not very liable 

to alter. 

To find the index-error, move the index till the horizon, or any d^- 
tant object, coincides with its image, and the distance of o on 
index from o on the limb is the index-error ; suUractiye when o on 
the index is to the left, and additive when it is to the nght of o on 

^^r^move the index forward till the sun and Ife image appear to 
touch rthe edgi, and the difference between the reading on the 
limb and the sul’s known diameter at the time is the index ermr ; 

subtractive when the reading is the greater, and additive w en i 

* oJ^in tl.« sme »amer, male the images tX'leJ 

above and below, and when the readings are one 

h* ”ero on ie limb, half their diffisrmce m the mdea-eiror ; hnt 
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wiei tliej are hath right or both left of zero, half their sum is the 
i»i«'-en4r; subtractive when the greater reading is left, and addi- 
tive wicQ it is right of zero 

When the ridings are on different sides of zero, one-fourth ox 
fitir mm^ but when they are on the same side of zero, one-fourth of 
ticir iiffermm is the sun’s semidiameter. 


USE OF THE CHRONOMETER. 

I. Hie chronometer, or time-keeper, is a superior kind of watch^ 
fee value of which, as an instrument to he employed by a navigator,i 
Spends upon the uniformity of its performance. Delicate contriv- 
ances have been adopted in its construction to compensate for the 
efefc of change of temperature, which seriously interfere with Ae 
going of ordinary watches. It is of great importance to know what 
we tmve to expect from this instrument, what it can, and what it can- 
i»l do— *to what errors its indications are liable, and how to deter- 
Uiine and allow for them. 

a. Lei IB firat suppose a chronometer to show correctly mean time 
^ Greenwich, and to continue to do so, the hour hand returning to 
All. exactly at mean noon. Wherever this instrument is carried, it 
will show Greenwich mean time, and at any place on the meridian of 
Gmmmoh it will show the mean time at that place. If it be taken 
to a pto eoM of Greenwich, then, as it is noon at that place before 
It 1 $ noon at Greenwich, the chronometer will be behind the mean 
tee of tmt plap> or it will he slow^ and the difference between the 
by te chronometer and the actual mean time at that 
pte he ^ual to the longitude of the place reduced to time. If 
^ A Greenwich, the time 

^ supposed to be the true mean timo 

Z T f arrived at, 

^ rarely happen that a chronometer shows exactlv the 
SS Sffml^rSt timf ’ to kno7h?w 

wieh^Sn ™ ^ ‘=^>-°“°“eter he faat on Grecn- 

ro^r, in any given chrono- 

amoant, and the best that can be exnected ^ changing in 

»«.d fo, ^ 
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5. For example, suppose tlie error of a chronometer for Greenwich 
mean time on June izth, at noon, to have been i h. ay m. 25 s. slow, 
and its daily rate 75 s. gaining, and that it is required to find its 
error on June aist, at noon. Here, as 9 days have elapsed, it will 
have gained 9 times the daily rate, or 67 • 5 s., — that is, i m 7*5 s., 
— its error, which was slow, will therefore have been diminished, and 
at noon, on June aist, it will be i h. 26 m. 17*5 s. slow on Green- 
wich mean time. 

In precisely the same manner, if the error for a given place, and 
at any given epoch, and also the rate be known, the error for time at 
that place can be found from the chronometer wherever we may hap- 
pen to be, always provided the rate be uniform. 

6. A frequent source of embarrassment in interpreting the indica- 
tions of a chronometer arises from the division of its face into twelve, 
instead of twenty-four parts, so that the same positions of the pointers 
represent two periods of the day twelve hours distant. Thus, at 4 
hours past noon, and again at 16 hours past noon, the hands are in 
the same places ; and it is necessary to distinguish whether the time 
should be read as 4 or 16 hours, 5 or 17, 6 or 18 past noon, and so 
on. Having applied the corrections for error and rate, the day of 
the month and the hours must be checked thus : — To the approximate 
astronomical date, at the place of observation, add the longitude in 
time if west, or subtract if east, and the result is the Greenwich date 
nearly, and this in the worst circumstances can hardly be an hour 
wrong. 

For example, suppose that at 7 A.M. nearly on June i6th, in lon- 
gitude 45° east, the corrected chronometer time is4h. a4m. 36 s., 
what is the correct Greenwich date ? 

d, h m. 

Astronoimcal date at place, . June 15 19 o 

Longitude m time (subtract) 3 o 

G-icenwicb date neaily . . . June 15 ^ 


Thus we see that the 4 hours of the chronometer must be reckoned 
as 16, and that the Greenwich rate is June 15 d. 16 h. 34 m. 36 s. 

Again, if the longitude be 34° 16' E, on June 35th, about 6h. 40 m. 
P.M., and a chronometer time, read and corrected, be 4 h. 31m. 50 s., 
what is the Greenwich date? 

d, h m 

Date at place Jmie 25 6 40 

Long in time (subtract) . . . * 217 

Glreenwicli date nearly . • . . June 25 4 23 


Here the 4 hours indicated by the chronometer are 4, and not 16, 
past noon, and the Greenwich date is June 35th, 4 k 31 m. 30 s. 
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» MermU (f Haying thus shovm how a correct Greenwich 

date M to be found from the time indicated by a chronometer, its 
ema- and its rate, it is next to be remarked that there is another 
iistiael and important use for which chronometers serve, that ox 
iwiiiinf eoirect intervals of time. , . , , « 

If » clronmneter shows seven hours when it ought to show four, 
aiie hoars when it ought to show six, as the interval between 
Kftii and nine is precisely the same as between four and six, it is 
ifiient that the error of the chronometer does not affect the intervals 
of time 

But cm account of the rate, a chrouoraeter which is three hours fast 
will be more than three hours fast at six, if it be gaining*, 
and three hours fast, if it be losing, by just so mudi of its 

rate m is aammulated in the interval of two hours, that is, by 
the twelfth pmi of the daily rate ; and therefore the interval shown 
% the chnmometer mt^ be increased by the proportional part of the 
daily rate due to the interval when the chronometer is losing, or dimi— 
nissW by that amount when the chronometer is gaining, whenever 
ti* exact interval of mean solar time is required. 

between two observations the chronometer exhibits su 
rfwige of time, or an interval of 3 h. 25 m. 43 • 6 s., and the daily rate 
of l«i chronometer be li^s. gaining, required the interval of mean 
»lar time. 

Hem dividing irja by 24, the hourly rate is found tp be -58., 
«d this mnltiplied by 3*43, the hours, &c., in the interval, gives 
to subtract, and Ihe work stands thus : — 


Interal % duonometer . 
0». ir rate , . . 


Interpial of mean fimA 


II XU s 

3 25 45-6 
3 25 43'9 


reduce an interval of 



^ method securii ^e exa™;S 

mMjt liia% to wtieh the rules there given apply. 

.ecMsay to tod Ihe btovel of app»„„, 

The toter,.] 



■ n» »ne.£K1^”S t IT 

'*'W the equa^OQ of tim. 5. ndiidHw #/. ipterval of mean time 
-H m ame J8 aOdOwe to mean tme and increasing, or 
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when it is suhtracfive and deereasing ; and it is to be mltraated when 
the equation of time is additive and decreasing, or suitractive and 
increasing, 

JZ, To see whether the equation of time is additive or sidbtr active 
on meto time, you must look at the heading of the “ Equation of 
Time ” column, in page II. of the month in the “ Nautical Almanac.’^ 

JExample , — Let it he required to convert 4h :i3m. 13 s. of mean 
solar time into apparent solar time, supposing the time to he fronl 
about two hours before to two hours after apparent noon at Greenwich, 
on August 1 6th, 1855. 

4 h. 13 s. reduced to hours is 4* 387, and by page I. for the 

month of August in the “ Nautical Almanac,’" the Diff. for i hour ” 
in the equation of time is * 304 s. 

and ’5048. X 4*387 = % Z 1 &- 

In page II. it is seen that the equation of time is to be subtracted 
from mean time, and a glance at the values in the column shows it to 
be decreasing. The correction Z'Zi^, is, therefore, to be added 
to the interval of mean time, and the corresponding apparent time is 
4h. 2^3 m. 15*31 s. 

13. Once and again the learner is cautioned against confounding 
an interval of time with a moment of absolute time or a date. 

An interval is a portion of time elapsed between any two events 
whatever. But a date, or moment of absolute time, is indicated by 
the interval elapsed from a definite or standard event, such as the 
transit of the sun over the meridian, or of the mean sun or first point 
of Aries over the meridian. 

For example, it is essential to distinguish between the following 
questions : — 

I. What sidereal time corresponds to z hours of mean solar 
time ? 

Z. What is the sidereal time at z p . m . mean solar time ? 

The first question relates to the difierence between the length of 
the hours of mean solar time and of sidereal time, and the answer is, 
that Z h. of mean solar time are equivalent to 3'h. o m. 19*715. of 
sidereal time ; ahd this is irrespective of any particular jdace or date. 

But in the second question the words “ sidereal time ” have a dif- 
ferent signification ; they mean here the time from sidereal noon or 
from the transit of the first point of Aries ; and the question may be 
read thus : — ^How many sidereal hours, &c , has the first point of 
Aries passed the meridian at two o’clock in the afternoon ? Or, what 
time should a sidereal clock show at two in the afternoon ? And even 
when thus interpreted the question does not admit of such a categori- 
cal answer as the preceding one. 
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pwj^r answer would be — ^That will depend on the time o f 
wmr, m lle^ktiYe positions of the mean sun and of the first poiK^ of 
IWm ; m other words, on the right ascension of the mean sun. It 
ill! also on the meaning we attach to a p.m., whether a, F-M. 

at CiwiwiA or at any other place ; and therefore before this quos-- 
« be aisirered^ lie date must be completed, and a place or BJt 
tte lor^lnde should be mentioned. 

Fir iiilanc®, 

At a RM. mean time at the observatory of St. Petersburg omt 
Aegii^ lOth, 1859, what is the sidereal time ? 


Fefcembiirg . . . 

August 

10 

n 

2 

XU s 

0 0 

* 1 ^ id^tcd© of St. Petersbtirg 

. . . 

• 

2 

I 15 *8 

Gie^wldbi . . 

August 

9 

23 

58 44-2 

Bigbt asoensicn of tbe mean gun 
OrtsfeBWicb ou August 9, 1859 

at noon at 


h 

m. s 

. 

[ 

9 

I 5 J -18 

liMMusein 25 h. 5810, 44*2 s. 

. . . 



3 5«-35 

Biglst siseaisicin at the givm date 


9 


JaMB tfm© at St, Petershuig . 

. . . 

. 

2 

J J 

0 0 

SM«Eml ttme lequired . . . 

. . . 

• ; 

ir 

5 5 T 53 


That flie sider^ doct should show ii h. 5 m. s. 

As * second sample, let us ask 

I. mat is tte ^parent time corresponding to a hours of 
mean solar time ? t s * uuuxo 

:apparent time at a hours p.m. mean solar 
WHi thesrmi a« toh kchcatetlSt tl^ , 

dale, to wl»ich are wanting the year the riav ^ portion of a. 

aMtion of which and aloeciJl^rjSt^^’- f 

win hesafficiaitly spedfiei?^ ^ ^ ^ absolute time 

Aad ttc aawwOT to the questions 

fw the first it must he said tKaf .u 
ai® TOequal m length, and tW apparent solar da-ya 

qiwtiTO is iBTOiSte wi^ou^ ar!^ soW days uniform, the 

*okrdaytieto^h^a 

llftAU icikr iJaie, 'aiKi wh^^n fo the 2 , hours of 

’ ^ apparent solar day is longer 
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tlian the mean solar day, the correction will, of course, be sub- 
tracted in order to find the interval of apparent solar time : for 
the shorter the divisions of time are, the greater will be the 
number of them required to measure a given interval, and vice 
versa. 

When the equation of time at page 11 . of the Almanac is 
additive and increasing, or subtractive and decreasing, the appa- 
rent solar day is shorter than the mean solar day by as much as 
the change of the equation of time in 24 hours: but if the 
equation of time at page II. is additive and decreasing, or sub- 
tractive and increasing, the apparent solar day is longer than the 
mean solar day by the change of the equation of time per day. 

And to convert a mean solar interval into an apparent solar 
interval, a proportional part of the daily change or the equation 
of time must be added to the mean solar interval in the first, 
and subtracted from it in the second case. 

And for the second question, it is not the change, but the 
total amount of the equation of time at the given date, which 
must be applied to the mean solar date to obtain the apparent 
solar date. 

In like manner to obtain a correct interval of mean time from 
a chronometer which is gaining or losing, the proper correction 
is a proportional part of the rate due to the length of the in- 
terval. 

But to obtain an accurate date, the whole error must be 
applied. 

Quejbtions. 

1. Reduce 2h. 25ra. 353. of mean solar time to its equivalent in 
apparent solar time, September 8, 1858. Difference for ih. = 0*85 s. 

Ans. 2h. 25ra. 37s. 

' 2. Reduce 3h. 40m. Sgs. of apparent solar time to its equivalent in 
mean solar time, June 14,1858. Difference for ih. = 0*533. 

Ans 3h. 40m. 57s. 

3. The interval hetween two observations, shown by a chronometer 
which is gaining 7*5 seconds per day on mean time, is 4h. iSm. los ; 
required the correct interval of mean solar time? 

Ans. 4h. 15m. 8 67s. 

4. A correct sidereal clock shows 2h. lom. 15s, between the 

transit of two stars, wliat is the corresponding interval of mean solar 
time? Ans. 2h. 9m. 43*66173. 

3;. Show that 

_ An interval of mean solar time _ An apparent wlar day 

The same intei val %n apparent solar ttme A mean solar day. 

* 6. What time should a sidereal clock show at Paiis, on April 18,^ 

1838, at 5h. 12m. 27s. r.M. Greenwich mean time? Longitude of 
Paris oh. 9m. 20*638. E. Ans. 7h. 7m. 53*243. 

H 
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PEACmCAL RULES AND EXERCISES IN 
NAUTICAL ASTRONOMY. 


To rrsD the LATirroE bt a Meeidian- Altitude of the Stiisr. 

f. Find the Greenwich date (apparent time) of the sun’s 
transit. 

2. Tate the son’s declination from the “ Nautical Almanac ” 
(page 1. of the month), and correct it with the Greenwich date ; 
notice also if the declination be N or S. 

3- Correct the obseired altitude for the index error, dip, 
ndraetbn, semidiameter, and parallax, and subtract from 90° 
to find the true zenith distance, and note whether the zenith be 
N or S of the snn. 

4. or diflference of the zenith distance and declina- 

hon IS the latitude, a^rding as they are of the same or different 
denominations : and the latitude is N or S as the greater is. 

Ma^y 23rd, 1834, in longitude 73° E, the observed 
raerrfiMidfatudeofthesun’slowerlimb was59° 14' ->0'' the zenith 
^ of ae 00.^ iota OTor + 2' 30", and the hedVof 
aboTC the sea 19 feet ; required the latitude ? S « me eye 

TTie obeerration was made when the sun was on the meridian that 

«.». A G«enw,oh.c»., in 

di. jan ton. the thne of .pp„ent notZn M.j 

Apijaimt nocm, M&y 22 
XiOPgifaide m time E 


“Naatiral 'Al^^tc^w^e^ the 

May aind, in page 1 for May. Andin^fT?-^- noon, 

m mm Imr,h fomid the cb^e in 
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But the Greenwich date shows that there are 19 h. 8 m. past 
noon ; or^ reckoning in hours and decimals, 19*133, and therefore, if 
we retain only two places of decimals, the diff. in one hour must he 
multiplied by 19*13, to find the change in that number of hours. And 
as the declination is increasing in May, the computed change must he 
added to the value of the declination at apparent noon. 

As a general rule, and for the sake of order, which is essential to 
correct calculation, it is recommended that the quantities to be cor- 
rected be written to the left, and the correction computed, immediately 
to the right of them, thus — 

m I liotir . . . 29*23+ 

Correction . . . + 9 19*2 Hours past noon . . ^ 9' ^3 

20 32 4*0 8769 

2923 

26307 

2923 

Somidiameter for Hay 23rd 15' 49 ‘ 4 " 559*1699 

= 9' 19*17" 


The observed altitude must now he corrected. 


Observed alt. . , , , . 

Index error 

0 * It 
. a 59 14 30 

. . + 2 30 

Dip for 19 feet. Table I. , * 

59 17 0 
. . — 4 17 

Kefraotion, Table m. » . % 

59 12 43 

• , - 34 

Somidiametor * , , . , 

59 12 9 
, . + 15 49 4 

Parallax, Table IV. ♦ , . 

59 27 58-4 
+ 4 

Trae alt. • . . -1 f ^ ^ 

, . 59 28 2*4 

-True alt = zenith distance . 
Dechioatinn 

. . 30 3,1 5,7*6 N (see question.) 

, , 20 32 4*0 N 

Latitude • 

^ 51 4 i'6 N = sum (see rule) 


The work should he compactly tabulated, as in the following ex- 
ample : — 


h2 
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Examplt a. — ^If on September and, 1855, in longitude 55° E, the I 
obsemd ^itude of the H be 85° 13' ao" (zenith north), index error | 

— a' 10", and the height of the eye 18 feet ; required the latitude ? | 



iv> rai) TEB Lahidm m Tm Mmiub Amitom op a 
FIXED Stab. 

not required in s«oh preciaon 

dian^rerylitae,aSS«t^Sev.i! tfie etai 

Almanac,” under the « Autmta^ dy m the « Nautici 

state for the iqipw traiait at Gre^m^*’ principd fixe 
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ExampU . — The observed meridian altitude of * Pegasi was 
33° ao' 50'' (zenith south of the star), on March 31st, 1854, index 
error of sextant i' ao" +, and height of the eye above the sea ao 
feet ; required the latitude ? 

“Nautical Almatstao,” page 477 


Declination, April 1 

Correction to Marcli 31 

On Apnl I . 14° 25' 2" N 

Difference for 10 days . • i 

Tkexofore m one day • or 

The correction being very 
small, may be neglected in 
this case 


Next to correct the observed altitude. 


ObsGived altitude a Pegasi . 
Index error 

0 / // 

. 33 20 50 

. . + I 20 

Dip (20 feet) .... 

33 22 10 

. — 4 24 

Refraction .... 

33 17 46 

. . — I 26 

Tiue altitude .... 

, . 33 16 20 

Zenith distance ... . . 

Declination ... . . 

, . 56 43 40 S 
. , 14 25 2N 

Latitude 

. . 42 18 38 s 


Examples eok Exekcise. 

I. On May 5J3rd, 1835, in long. 61° 55' E, the observed meridian 
altitude of the sun’s lower limb was 59° 14' a'z" (zenith north of the 
sun), index error — i' 54", height of the eye 16 feet ; re(|uired the 
latitude ? 

Declination of the sun at y)parent noon at Greenwich on 
May 1855, ^ 9 ' 5 ^*^" ^ hour”+i^9 43'', and 

semidiameter 15' 50^'. Ans. 51'^ 5' 5:^'' N. 

(l. On May ist, 1853, in long. 47° 5' W, the observed meridian 
altitude of the sun’s lower limb was 69° 30' 16'^ (zenith north of the 
sun), index error + 3' 33", height of the eye 14 feet; required the 
latitude ? 

Declination of the sun at apparent noon at Greenwich on 
May 1st, 1855, 14° 59' ^7*0" N, ‘‘Diff. in i hour” + 45'^/j 
semidiameter 15' 54". Ans. 35"^ 16' 5" N. 
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a. Oa March 9th, 18^5, in long. 4° 10' E, the observed meridian 
al^tade of the sun’s upper limb was 32° 18' 50" (zenith south of the 
sun), index error +55", height of the eye 16 feet; required the 

Ifititiide? 

Declination of the sun at apparent noon at Greenwich on 
March 8ii, 1855, 4° 59' nV' S, “Diff. in i hour” -'58-50", and 
semidiaiaet^ 16' 8". Ans. 62,° yj' 45" S. 

4. On August 5th, 1855, in long. 44° 58' W, the observed meri- 
dijm altitude of the sun’s lower limb was %6° 5' 47" (zenith south of 
tile sun), index error a' 37", height of the eye 13 feet ; required 
the latitude ? 

Declination of the sun at apparent noon at Greenwich on 
August 5th, 1855, 17° 5' 0-9" N, “DiflF in i hour’’ —40-74", and 
semidiameter 15' 48". Ans. 46° 38' 9" S. 

^ On July a6th, 1855, in long. 13° 11' W, the observed meridian 
altitude of the sun’s upper limb was 16° 14' 34" (zenith south of the 
son), index error -f- 3' 37", height of the eye 18 feet ; required the 
latitude? 

Dedination of the sun at apparent noon at Greenwich on 
July adth, 1855, t9°3i'548"N, “ DiflF. in i hour ” - 33-27", and 
semidiMneter 15' 47". . Ans. 54^ 33' 37" S. 

d. OnMky 8tb, 1855, in long. 105° 17' W, the observed meridian 
altitude of the sun’s lower limb was 76° 3' td" (zenith south of the 
sun), index error — 1’ 27", height of the eye 10 feet; required the 
latitude? 


Dedimtion of the sun at apparent noon at Greenwich on 
May Sdi, 1855, 17° o' 38-3" N, “DiflF. in i hour” + 40-58", and 
Bcmidiameter 15' 53". Ans. 3° 19^ 45" N. 

7. Ck May 23rd, 1855, *1*6 observed meridian altitude of Antares 


wag 

hetj 


^ (zenith south of the star), index error -1- i' 

^at of the eye 13 feet ; required the latitude ? 


15" 

™ 5 icquu-eu uie lautuue r 

Iwanatioa of Antares on May i&3rd, 2,6^ 6' 31 ’5” S. 

4.8' ia-5" S. 
meridian altitude of 

43- 48 4o.r (zenith north of the star), index error -- 
ImiAt f tte eye 9 feet; required the latitude ? ^ ’ 

iiecliiiation of Marcab onN'oy, lijth, 14° 25' 53’8" N. 

9. Ck December TTt>i Tfir'r- +1. v j -5^° 4^' 54" N. 
CiLlk was meridian altitude of 

34 o (zemtb north of the star), index error 4- o' t^'' 

• '*’“*«*■ “tad® error + * 10 , 

Dedmaho® of CapeUa on Dec. nth, 45° 30' 53-8" N. 

“sfitaan altitude of 

iAciumtioiQ of Altair on Nov. jtfa, 8^ %f N. 

Ans. 41° 33' 34" N. 
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PEEPARATOEY PROBLEMS. 

Prob. I. — To find the mean time O-reemwieh date, of the mooris 
meridian pcLssage on a given astronomical day in a given latitude, 

1. Enter the ‘‘ Nautical Almanac/* page IV. of the month, 
with the given astronomical day, and take out the time opposite 
to it under the heading ‘‘Meridian Passage;** also take the 
difference between this time and the time on the following day if 
the longitude be west, or on the preceding day if the longitude 
be east : this difference is the daily retardation. 

2 . Find the correction for longitude and daily retardation by 
this formula ; — 

Longitude in degrees X refardatim in mrnvm _ correction in minutes, 

360 

3. Add the correction to the time of meridian passage at 
Greenwich when the given longitude is west, and subtract if it 
he east ; the sum or remainder is the mean time at the given 
meridian, corresponding to the moon’s transit 

4. Write the day of the month before the hours, minutes, &c., 
and add the longitude in time if west, or subtract it if east, and 
the result is the mem time, Greemmh date, of the moon’s meri- 
'dian passage. 

jVbte.— If the civil day be given, and it he evident from the “ Nautical 
Almanac” that the meridian passage is past midnight on that day, 
the time in the “ Nautical Almanac ’ on the preceding day must he 
taken.* 

Example. — ^Required the Greenwich date of the moon’s meridian 
passage on May 6th, 1855, cvtM date, in longitude 63° W ? 

I. Entering the “Nautical Almanac” with May 6 th, at page IV. of 
May, it is at once seen that the moon passes the meridian after mid- 
night on that day. The time must therefore he taken which stands 
opposite to May 5th : it is 15 h. 3^*7 

a The longitude being west, the difference between this time and the 
time on the folhmng is to be taken : this time is 16 h. 33-6 m., 
and the difference or retardation is i h. 1*9 m. = 61-9 m. 

• Many persona add tto retardation to the longitude in tune, and apply the smn, 

with the of the longitude, to the meridian passage of the moon. 
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W 0 irk is tli6ii thus i 


■JV 

Oonrectioii for Eetardation 

Longitude 

4 b. in 

ifcj 5 15 31*7 
» . + io ’3 

M»y 5 15 41 '5 
. .44 

May 5 19 54 5 

m. 

Eetardation . 61*9 
longitude . 63 

1857 

3714 

6) 3899-7 

H 9'9 

4-10 8 cor. 

0 

Longitude • . 63 

4 

6,0) 25,3 

Long in time 4 h, i2in. 

r. Greeawicn date (m^u time), 1855, May 5tli, 19 h 54 5 m 


PiDIl. 2 . — To fini fh£ Bemidiameter and horizontal parallax of the 
mmn for a given Greenwich date (mean time), from the Nautical 
Almanaef page IIL of each month. 

i: Tale them from the Ifautical Almanac ” for the noon > or 
next yrecediug the given date, and the change to the 
fotowing mUntgM or noon. 

%, Reduce the time past noon or midnight to hours and deci- 
mals ; multiply the change m 1 3 hours hy the number of hours 
past UMii or midnight, and divide by 13; the quotient is the 

mrrectioiL 

3* Add the mrre^m to the values of the semidiameter and 
horizontal parallax which were taken out, when they are in- 
cre^ing, but subtract the correction when they are decreasing, 
and the result will be their values at the given Ghreemvieh date. 

Required the moon’s seraidiameter and horizontal 
pillkt, for the Greenwich date, 1855, Slay 5th, 19 h. 54*5 m. 

as ^e hours indicate that the time is pasjb midnight, the semi- 
and horizontal parallax must he taken out for midnight of 
May and they must be subtracted from the values on May 6th 
at and the work stands thus : — 



Ctoge * Ohaufie 

in 12 hoars. jji hours 

Hor Parallax 
at midnight. 

JL ^ 

Ifi 4 I 

*f t '4 

*1 r 5 

4* ■ 

7-9 hoars past nadnight 7 9 
ifr® ^ 

147 525 

**38* . . Correction . 4 93 

58 51-2 

Ooneotiou 44 • 9 

58,56*1 

Eed,- 

I j»iBifliitteter== > -cf • ^ « — ^ 

Honzontal parallax = 
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4- 2’ I and 4-7*5 are the changes in the semidiameter and horizontal 
parallax between midnight, May 5th, and noon, May 6th; and 7*9 
the nunaher of hours past midnight of May 5th, according to the 
Greenwich date. 

The blanhs marhed Aug.” and ‘‘ Red.” are for the augmentation 
and reduction from Tables VIII. and VIL : the final results should 
then be recorded in the places left for them below, the parallax being 
first reduced to seconds. 

Pbob. 3. — To take out the moon^s declination from the Nautical 
Almanac ” ( pages K to XI L of each month) ^ with a given Grreemoich 
date. 

Note, — ^The right ascension and declination of the moon are given 
for every hour of every day, and also the change of the declination m 
10 minutes, under the heading ‘^Diff. Dec. for 10 m therefore, 

I. Take out the declination for the given day and hour of the 
Greenwich date, together with the diff. for 10 in. which stands 
opposite it. 

a. Convert the minutes and seconds of the date to minutes 
and decimals of a minute, and multiply this into the difference 
for 10 m., and divide by 10 : the quotient is the correction. 

3, Add the correction to the declination when the declination 
is increasing, or subtract when it is decreasing, and the result is 
the declination at the given Greenwieh date. 


Emmjph . — Required the moon’s declination for the Greenwich 
date, 1855, May 5th, 19 L 


■)’s DecUmtion, 

Correction. 

At x^liours . . . 27 32 55*8 S 

Ooriooiion . . . . — i8*6 

’ 37 52 37‘2B 

Diff for 10 m — 3 42 

Mm. m dato 54 5 

1710 

1368 

1710 

’ 10) 186 *3 90 

Oorreotion . . . . -- 18 6 

Oorrociod deolmalaoE . . . 27° 32' 57" 8. 
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To fIJtD 1® lATTrOBB BY THE MeEIDIAN ALTirUDE OP THE 

Moon. 

u Rod GrecHwidi date (mean time) of the moon^s meri- 
dim jwwge. (P^fa. i.) 

at. Take ftinn the ** Nautical Almanac the semidiameter and 
honmkUi parallax (ps^ in.)» correcting them as in Prob. 2. 

Add the augmentation to the semidiameter, and subtract the 
redaction fiom tim horizontal parallax (Tables VIII. and VII.) ; 
reduce the horizontal parallax to seconds. 

5. Take out also the moon’s declination, Proh. 3. 

4. CSotteei the obserred altitude of the moon for index error, 
dip^ fvfriolioUv and semidmmeter, and so get the apparent alti- 
; and this^ subtracted &om 90° leaves the apparent zenith 

5* Compiite the parallax in altitude from this equation : — 
Paraiout M Mimie = ^oHsoniar jxiraZZaa? x appcurent zemih dMtcmce, 

And idbtxibet the parallax in altitude from the apparent zenith 
distanee: ti&e remainder is the tme zenith distance. 

fi. The latitude is the sum of the zenith distance and declina-^ 
tkn when they are both north or both south, or their difference 
when one is nmh and the other south ; and tiie latitude is of the 
same denomination as the greater. 

^ March 30th, 1855, ^ longitude 29° 50^ W, the 

oheemaiiMridiaxi altitude of the moon^s lower limb was 46® 23' 40'^ 
(the Midi north of the moon), index error + 3' 10", height of the 
eye wave the sea 30 feet ; required the latitude ? 



OWnoeon Ibr BetedatJolu 

Longitode. 

a k w. 
Hetdi 10 30*1 

Crmetka . +i-45 

Mmk JO 10 2j*<5 
hemUtmit . t srii 

Ustdl JO 13 31-88 

m. 

Betudafiosi . 4x^6 
lioas^tode * 39* 8j 

1248 

3J28 

J 744 

832 

Xiongitude . 39 50 W 

4 

6,0) 11^9 20 

I lu 59m 20s 


1 6 ) 1340*938 

6^0) 20,6 8 

3-45 cor. 

39° 50' = 39 ’83 

I fjj anniridk dri>« (mmi iiin.), 1855. Mar. 30, i, h. w gm. 
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Semidiameter 
at mldaiglit 

Ciiange Change 

IniiliourB. In 12 hours 

Kor Parallax 
at midnight. 

i u 

14 54*2 
Correction +‘i 

a n 

+ 2-7 + 9-8 

•38 Hours past midnight ‘38 

54 iyo 
+ *3 

54 35*3 
Bod. . — 7 

14 54 3 
Aug. . +10*3 

2x6 784 

81 294 

15 4-6 

12) 1*026 13) 3*7^4 

54 28-3 


•08 . Oonection . . *31 


(2) Seroidiaiaeter, 15^ 4*6'' Hor. parallax, 3268*3^^ 


)’8 Declination. 

Correction 

At 12 liouis . . . 12 0 50 3 N 

Oorroction . . . —4 5^*2 

Diff. foriom . , , . 127*17 
Min in date 22*9 

II 55 59-iN 

I 1445 3 
25434 

^5434 

xo) 2912*193 

6p) 29^1*22 

Corrocjaon .... —4' 51*2" 

(3) .*. Oorrootcd dooliimtion . * * 11° 55' N. 


To eorrect the dbservei Altitude, jfc. 


Altitude. 

Parallax. 


0 4 n 

46 23 40 

Zomth distance, about 

• 43 N 

Index error . . . 

+3 

Decimation 

. 12 N 


46 26 50 

Latitude, about . . . 

. 55 N 

Dip (20 foot) . . . 

-4 24 




( Eoduetion of lior. j 
,*, < parallax, TaHoVL, i —7" 


46 22 26 

Bofraclion , . . 

-54 

( applied abore * 

•I 


46 21 32 


0 4 

SeuQiiBameter * . 

+ 15 4-6 

Apparent zonitli distanoo 
Bed. of lai, Table VIL . 

* 43 n 

* —11 

Apparent altitude . 

46 36 36*6 


43 « 

App zonitb, diat. 
Parallax in altitude * 

43 23 23*4 
-37 ^ 7*3 

43® 12' * . . sin 

9-835403 


3268*3" . . log 

3*5143^3 

True zorath. dist. 

42 46 6*x N 

6,0) 333,7 ‘3 .... 


Decimation , . . 

II 55 39*1 N 

3 * 3497*5 

Latitude .... 

54 42 5 • 2 N 

— 3 7' 17*3'' parallax in altitude, 

(4) 

Latitude . • 

, . 54® 42' 5*2" K. 

,1 
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NAUTICAL ASTEONOMT; 


Questions for Exercise. 

I. If on May 25th, 1855, at about 7 b. 10 m. r.M., in loiiffitudo 
34° 18' E, the observed meridian altitude of the moon’s lower limb 
e 50° 10' 20", the zenith being south of the moon, the indo.'c error 
L a' 30", and the height of the eye 19 feot ; required the latitude ? 

Ans. Lat. 30® 56' 31" S. 

3. If on July 3rd, 1853, at 3h. aom. A.M. mean time nearly, in 
-ngitude 54° 13' W, the observed double altitude of the moou’a lower 
mb on the meridian be 45° 3' 10", the zenith being north of tlio 
001% and the index error — i'; required the latitude ? 

Ans. Lat. 49° 14' 51" UST. 

3. If on September 23rd, 1855, at 10 h. 10 m. P.M. mean time at 

ace nearly, in longitude 13° 33' E, the observed meridian altitude 
the moon’s lower limb be 40° 3' 30", the zenith being north of the 
eon, the index error + 3' 35", and the height of the eye 14 foot * 
qmred the latitude ? Ans. Lat. 33° 3 1 ' 1 1 " n! 

4. If on December 30th, 1855, at 9h. 50 m. P.M. mean time at 
!ux nearly, in longitude 63° 51' W, the observed meridian altitude 
the moons upper limb be 55° 2' 20", the zenith being south of 
3 mwn, the index error -■ 3'- 10", and the height of the eye 

feet ; required the latitude ? Ans. Lat 1 3 ® 1 8' 4 1 " “S 


Mmmls taken from the “ Nautical Alrrmm” for eomputing the 
above questims, ^ 


lUtet At 

Eetardation, 

Date] 

Declination. 

IHdlnatktn 

In W m* 

d. Il m. 
fey 25 ■ 7 33 
oly 2 15 12 7 

23 10 16 

3 ^ 2b 9 43*2 

41 0 

53 8 
56*6 

54 5 

’ d h 

24 22 

2 18 

23 9 

20 14 

Q, a 

8 to i6*9'K. ‘ 

17 X 7 48-5 H. 

X 5 9 41 ■ 1 B. 

22 27 20-6'N. 

“Hfb 

-r 5 f 7 » 

+ 97 7 » 

W liaiiM. 

II. I*. 


Seinidiimaeter. 

Hor Parallax. 

*sr* 

Otonge in 

a a 

lay . , 24 12 

% • . 2 12 

. • 23 00 

. . 20 12 

14 54-6 

16 30‘6 
r6 35 7 

15 44 9 

54 36*8 

60 28 *x 

60 46 9 

5 7 40’ 7 

ft ' ' 

*+ 3*1 

- 2‘9 

+ 3*7 
- 3-8 

N 

4-1 St* 1 

^ 4* 10 
-14 
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Prob — To find the mean time at any place^ and also the Greenwich 
mean time of the passage of a star over a given meridian on a given 
day. 

First, approximately. 

Rule i. Take the star’s right ascension from the ^‘Nautical 
Almanac,” for the day nearest to the given date. 

%. Take the sidereal time from page II. of the month for the 
given day. 

3. Svhtract the sidereal time (which is the mean sun’s right 
ascension) from the star’s right ascension, increasing the latter by 

hours if necessary, and the remainder is the mean time (nearly) 
of the star’s transit at the given meridian. 

4. Write the day of the month before the hours, &c., and add 
the longitude if west, or subtract it if east, and the sum or re- 
mainder is the Greenwich date of the meridian passage of the 
star (nearly). 

This will be sufficient, if the object of the calculation be only to 
prepare for taking the meridian altitude of the star. 

Example i. — About what time will j3 Tauri pass the meridian on 
August loth, 1855 (civil date)? 

. I . h m s , 

Bight ascension pf H Xanxi on Aug, lOth . . . , 517 8*46 

Sidoroal tune (ornght ascension mean sun) . • . . 91336*19 

. 20 3 32*27 

. , . or about Aug rotli 8 3 32 AM:. 


The Astronomical date is Aug 9th, 20 h, 3 m. 32 s. 

Observe — the right ascension of the star is taken out of the Nau- 
tical Almanac,” 1S55, at page 449. ‘'Apparent places of the principal 
fixed star 8,^’ and not from the table of “ Mean places of 100 principal 
fixed stars.'^ 

As the stars are tabulated in the order of their right ascensions, be- 
ginning at o h. and proceeding to 34 h., the right ascension in the 
table of Mean places ” may be used as an index to the table of 
‘‘Apparent places ” to facilitate the finding of the stars in the latter 
t^le. 


Example %. — About what time will the planet Saturn pass the 
meridian on February i8th, 1855 (astronomical date) ? 

‘ h m s 

SOitum’s light asceusiou on February 1 8tb . . . . , 43oi2‘6 
Sidoioal time or nght ascension of mean sun , , . . 21 51 32 


February i8th 6 38 40*6 


.*. Time at place, February i8th, 6h. 38m. 40s. 
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ix>fad the time of the star's meridian passage more aeeu- 

fMg. 

Rule i. Find the approximate time as shown above. 

2. Apply the longitude in time, adding when it is west, sub- 
trading when it is east ; and so convert the time at place into a 
Gmmmeh dMe. 

3. With ibis Greenwich date take out again the mean sun’s 
right ascension. Prob. 4 (page 78). 

4. Subtract the mean sun’s corrected right ascension from the 
star’s right ascension, increasing the latter by 24 hours if neces- 
sary, and the remainder, with the astronomical day written 
tefore it, is a more correct date of the star’s transit. 

5. By applying the longitude again a more correct mean 
Greenwich date is also obtained. 

6. If still greater accuracy is required, the operations 3, 4, 5, 
may be repeated with the Greenwich date found by Rule 5. 

EmnplA — At what time will Markab pass the meridian of a place 
m hw^fode 87"" 10’ E on June 20th, 1855 (astronomical date) ? 

Itan Markab’s right ascension, June 20th ^2 ?*3 *4 

right ascension of meaii sun at mean noon . . , 55231*7 

Astronomical date nearly June 2otli 17 c i • 7 
lK)ng, 87° 10' Em time , , . 5 48 40 

Ckti^pcmding Gremwidi date, June loth 7 i 16 21*7 (x) 

ascension of mean Oat mean noon . . 

; ; 

Aeoetoiatirai for < ^ 

; 

' / * , *00 

Mdaaun^sooaroctedrfe^ (2) 

X&afeab's right aficension . h m s 

m mean smi'sconeotBa right asc^on .' ! ! i \l ll‘4° 

.77^ 

48 40 

.... a. 

• • » . June 20th II 14 30*55 

of mean 

below pde £ obtZS^ F t f 

sum is Ae time of be added, the 

be subtracted, the rmai ifSl timo 

^ oiKuuuer IS the time of transit on the preceding 
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To FIND THE Latitude by the Altitude of the Sun on the 
Meridun below the Pole. 

Rule i. The apparent time at the place i^midnigM ; apply the 
longitude in time, adding if W and subtracting if E, and so get 
the apparmt tirm Gfremtoieh date. 

a. Take the sun’s declination from page I. of the month, in 
the Nautical Almanac,” and correct it hr the time past noon at 
Greenwich. 

3. Subtract the declination from 90®, for the declination. 

4. Correct the sun’s altitude and add to it the co-declination, 
and the sum is the latitude, which is N or S as the declina* 
tion is N or S. 

^Example , — On Juno and, 1835, longitude 79® E, the altitude 
of the sun’s lower limb on the meridian below pole was 10^ ao! 30", 
index error — 10^', height of the eye above the sea ai feet; 

required the latitude ? 


Longltad© to Tbne. 

For Ghreonwldi Date. 

; Longitad© 79 E 

4 

h m. 

Date at place . , Juno and la 0 

Long, intmio . « . » ,—5 16 

6,0) 31,6 

Longitudo in time, . 5 L. 16 m. 

June and 6 44 

, • . GioonwicU Date ..... 1855, Juno 2n(l, 6 h. 44 m. 

JDfctetlrm, Fag© L 

Oorroctiou. 

0^0 Boo. Juno and . 2 % 9 aVo H 
Emotion , , . + a 9*7 

aa 11 39*6 

90®— Dec.sOodoo, 67 48 30*4 

Difforonoc for I b. . , . -fr9^*a7 

Honrs past noon . . . 6*73 

5781 

15489 

1156a 

Somidkmotor . . . 15' 48*1^' 

6,0) 13^9-6871 

' Oorroction ..... -f-a' 9*7" 

Oo-doclmation at timo of observation . 67® 48' ao'4" 
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To oorretjt the Altitude and find the Latitude 

Oheerved sWxkds • • 
TwW ezror . • . . • 

0 i a 
. . 10 23 30 
. . — I 10 


10 21 20 

1 % Sat 21 Stek • « . • 

. . - 4 31 

Befinohon ..... 

10 16 49 
••-57 

Senudiameter .... 

10 II 43 

. . + 15 48*1 

PftXiOax in dliitadd . . . 

10 27 30*1 

* • +9 

Trae fttfitnde . .... 
Korih Polar distance . . 

. , 10 27 39 X 

. . 67 48 20 4 

Lafatade ...... 

• • 78 15 5 N 


i 




To rnsB the Latitude by the Altitude of a Stab oh the 
Meeidiak below the Pole. 


fip^— As forthe sun ; but omitting the Greenunch date, such 
psrasioQ m the time not being requisite, on ‘account of the small 
cliange in the declination of the fixed stars. 


altitude of /3 Centauri on the meridia 
TOle on May 7th, 1855, wa3‘4f 18' 30", inde 

ST LiitA ? ' ’ require 



y 
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To correct the Altitude and find the Latitude 

Obseryed altitude 

Index error . . , , , 

0 / // 

V » 43 18 20 
. . + 2 10 

Dip foi 18 feet . . . , 

43 20 30 

. . - 4 II 

Eefraction 

43 16 19 
. . — I 0 

True altitude . , . , 

South Polar distance , , 

• • . 43 15 19 
• * 3 ^> 19 32*1 

Latitude 

■ • ■ 73 34 ii-i 8 


Questions fob Exeeoise. 


I. July 1st, i855j longitude 59° 13' B, the observed altitude of 
the sun s lower limb (artificial horizon) on the meridian below the 
pole, 18 33 10 , index error + i' 50" ; required the latitude ? 

-.■J'n ® ‘l®ch“abon at apparent noon July 1st, 1 8 «, aa® o' 8 ‘4!' N. 

diflF. for 1 hour — lo'aa", and semidiameter 13' 46". 

Ans. Lat, 76° ao' 00" N. 

a. December lath, 1835, longitude 101° 30' E, the observed alti- 
tude 01 the sun s upper limb (artificial horizon) on the meridian below 
the pole, 30 10' 14', index error - 1' to "; required the latitude ? 
J/he suns declination at apparent noon December lath, i8t;i;, 

^ • nr» /* .1 . ^11 _ - 


23 


4 45*7 foi* I hour -f- 10*96^, and semidiameter 16' 17'', 

Ans. Lat. 76° 37' a8" S. 


3‘ March 8 th, 1833, the observed altitude of a. Ursse Majoris on 
the meridian below the pole, 45° ^8' 39"> index error -I- a’ 10", 
height of the eye 13 feet ; required the latitude ? 

Declination of a Ursse Majoris 6a° 31' 37" N. 

Ans. Lat. 73° 43' 34" N. 


4. August 33rd, 1833, the observed altitude of -n Draconis (arti- 
ficial horizon) on the meridian below the pole, 48° 30' 18", index- 
error -j- 3' 10"; required the latitude? 

Declination of -n Draconis 61° 30' 46" N. 

Ans. Lat. 33° 23' 33" N. 


I 
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To mmy the Latitude by the Autitude of the Moon ok the 
Mbbidiak below the Pole. 


Bule I. Find llie Greenwich date. 

!2. Take the horizontal parallax 'and semidiameter from the 
‘‘Nautical Almanac” as directed in the rules for “Meridian 


Altitudes.” . * ^ j 

3. Take the decimation from the “ Nautical Almanac, and 

subtxact it from 90° ,.•••* ^ 

4. Correct the altitude and add to it the co-declmation, and 

the sum is the latitudej. 


I, To jind‘ the G-remwich date. 

Eule a. Take out the time of the preceding meridian passage 
and the retardation as before directed. 

1 . Add to this 10, hours, and half tie retardation between this 
passage and the following one. 

€. Add the longitude in time when west, or subtract when it 
is east, and the Grommeh dcde is found. 

Having found the Greenwich date ; the declination, semidiameter, 
and horizontal parallax are taken out in the same manner as for the 
moon’s meridian altitude. The altitude is then corrected, and the 
polar distance is added to the corrected altitude. (Rule 4.) 

The elevation of the pole above the horizon is equal to the latitude 
of the place of observation, and therefore no object can be seen 
between the pole and horizon, whose polar distance exceeds the 
latitude. 

The polar distance of the sun at the time of the summer solstice, 
when it is least, is about 66^°, and that of the moon a little less ; 
these bodies therefore can be seen on the meridian below pole only in 
the Arctic r^ons* 


To mm THE Latitiidb by the Altitude of the Pole-Star. 

The principle upon which this metiiod depends is, that the altitude 
of the pole equals the latitude of the place of observation. 

The pole-star is situate within about 1^° of the north pole, and is 
offfied by the daily rotation of the heavens alternately above and 
below the pole. When the star is on the meridian above the pole, 
the latitude may he found by subtracting the polar distance of the 
star from its true altitude ; and when the star is on the meridian 
below the pole, by adding the polar distance to the true altitude. 

The polar distance is the greatest difference between the true 
altitude of the star and the latitude of the place, and the difference 
oar correction of th& starts oMtude varies with the star s distance 
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from the meridian, between the limits -{-p and — j?, if p be allowed 
to represent the polar distance. 

The method of working this problem by means of certain special 
Tables is shown in the ^^Explanation” which is appended to the 
“ Nautical Almanac.” 

There is, however, some trouble in interpolating between the quan- 
tities given in the special Tables before so exact a result can be 
obtained as in the Example usually given m the “ Nautical Almanac 
and it may be fairly questioned whether it be not as easy to compute 
the requisite corrections as to take them from these Tables. 

Without the Tables the method is as follows : — 

Rule i. Find the mean time at the place of observation, and 
also the mean Green^vich date. 

Take out the right ascension of the mean sun, as in 
Prob. 4 (p. 78), and also the right ascension of Polans. 

3. To the mean sun’s right ascension add the mean time at 
the place, and from the sum (which is the sidereal time or right 
ascension of the meridian) subtract the right ascension of the 
star, previously adding mentally hours, if necessary, and the 
remainder is the westerly meridian distance of the star. 

4. Reduce the meridian distance to arc, call it A, and compute 
the first correction from this formula : — 

PoZor Mfkmcf} of tho star in seconds x cosh = correction in seconds 
or p cosh - cor. 

5. If the westerly meridian distance be between 6 hours and 
18 hours the star is below the pole, and the first correction will 
be additive, otherwise it is subtractive. 

6. For the second cofrection, which is always additive, the 
formula is — 

J sin i" X tan altitude x (p sin h)^. 

The loga/rithm of ^ sin i" = 4*384545 


Example.— On March 6th, 1855, at 8 h. 25 m. 32 s. p-M., in longi- 
tude 130° W, the observed altitude of Polaris is 37° 30' 18" ; index 
error - i' 13", height of the eye 18 feet; required the latitude? 


Qfem'wlch Date, 

Longitude 

d* h m s 

Date at place mar. 6 , , 8 25 32 

Long m toe , . , ,4-8 40 0 

Groonwxola date Mar. 6 .17 5 32 

0 

Long 130 W 

4 

6,0) 52,0 

Long, m tome . . 8 h. 40 m. 0 s. 

drooiiwicli date 1855, Maxell 6tli, 17 h 5 ra. 32 s. 


I 2 
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With this, the right ascension of the mean sun must be taken out 
from the “Nautical Almanac,” and also the right ascension and 
declination of the pole-star. 


I From Nautical Almanac.” 


AsceosiozL of Mean Sim, page IL 

Elipxt Ascension and DeoUnation of Polans 

h m s 

Maraheth, . . . 225436*84 

( 17I1. . 3 47 56 

AcceL for < 5 m. . 0 82 

I 32 s.. 0 09 

h m. 8 

B.A. .... 1 5 30-55 

Deo. a a . , 8^ 32 22*2 N 

E. A. of mean sun ♦ 32 57 25*31 

N. P. D. , . , I 27 37 8 


87 37-8 

Pdar dist. jn seoondB 5257" 8 = jp 

Bight Aflcenswn of Mean Stax 22 h 57m. 25 '31 s., = 5257"*8. 


Next, the meridian distance, or A, is to be computed, for which the 
formula is — 

Mean Um + mean O’® ^ A, - E. A. = *’« wesMy mmddm dd^tcmce. 


To find the Hour Angle or Westerly Meridian Distance 

1 Meazi lame at pUoe of obserya^n 

Bi^ aacemom of mieaii etoi 

h BL 8 

• 8 »5 33 
+22 57 25-31 

hoTiis rejected) sidereal tone, or B. A. of jnendian . . 

Bi^asoenaMHxofPolaiiB 

. 7 32 57-31 

• I 5 30'55 


6 17 26 76 

60 


4) 377 26-76 

Westedymeiyiiaii distance. , . , . , , 

h = 94O 2i'*69 

k is more than 6 hours, therefore the first cor. mil be + (Bitfo 5). 


We may now proceed to oompute the corrections and apply them 
to the altitude ; the formula for the first correction is p . ooeX, and it 
mav be noticed that when, as in this case, A exceeds 90°, its cosine 
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cannot be obtained directly from Table XIV., and whenever such 
cases occur — 

(a.) Take the difference between h and 180 or 360 degrees, 
whichever will leave the remainder less than 90°, and take out the 
eosim of the remainder ; or, 

( 5 .) Take the difference between h and 90 or ^^70 degrees, 
whichever will leave the remainder less than 90°, and take out the 
sine of the remainder. 


1st Cor ==jp cos*fc * 

* * Altitude, &c 


p = 5358 , log 3*720821 

01)8 alt 

0 / // 

37 30 18 

7^94022' , ... cos 8*881607 

Index error . 

~i 13 

6^0) 40^0 4 . \ . 2*602428 

Lit) 

37 29 5 


+ 6 ' 40" *4 1st correction, 

Eefraction .... 

>7 24 54 
— I 14 


ist correction . , . 

37 23 40 

4-6 40*4 


Latitude (nearly). , . 

37 30 20*4 


The second correction is to be computed from the formula. 

^ dn i" . tan alt (jp . sin h)\ log i sin i" leing 4*384545* 


2 nd Correction always + 

Latitude 

1 : : : : : 

log 3 * 720821 
sin 9*998738 

Latitude (nearly) . . 
2nd correction . . i 

0 / a 

37 30 20*4 

4-50*9 


3 •719559 


37 31 ii ’3 

(p . sinTt)^ . * 

Oonstant . . . 

Alt 3 7° 24' . . 

. . 7 439118 

. . 4’384545 

tan 9*883410 

Latitude 37° 31' 

ii "’3 

50*9 . . . 

, * 1*707073 



2nd Correction + 50 * 9" 




The two corrections being in this case both additive, their sum 
7^ 3 1 '^*3 is the total difference between the true altitude of the star 
and the latitude of the place. The value of the second correction 
may amount to 3 minutes.^ ^ ^ . 

The following modification of the formula lor the second correction 
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will be found conreoient ; the polar distance and tte first eoiTTeetioD, 
wkicli are denoted by p and are here re<4oned in minutes ; — 

{ tP + e) • (f>— c) . tan ait } 

I ccr.ntiiiTTmte« • • • « 6*7 

Sam . . . . • 94 3 log **9745 

Ml . , . . * 8 o '9 log i'9079 

Tsmalt .«•.•••• 9 * 8834 - 

583 a 3*7658 

ifc • 58-33 ' , 

* 7-^9 

^ s + 5 z>o 3 aE se(XHQd(K)mctom 8 e^ 


Qinosnoi^ fob Exeboihk 


I. Jantiary 4th, 18^5, at ^h. 3Jin. 4^5. A.11:. mean time at 
place, lonritude 144® ao' E, the observed altitude of the pole-star 
43® I a' ijo , bdex error - 1' 53", height of the eye zj feet; required 
the latitude?’ 


The Eftar’s declination 88° 3a' N, and ri^ht ascension 

ih 61m 16*5^8 s.; and the sidereal lime at Greenwich mean noon 
January 3rd, 18 h, 30 m. io'36 & Ans. 44° 30' 36" N. 


a. June lath, 1833, at 9h. 31 m. 40 s. p.m: mean time at place, 
longitude 29° 17' 30'^W, the observed altitude of Polaris 49° 18' 30", 
index error -f 43 , height of the ^ zo feet ; required the latitude? 

TTie dedination of the star 31' 38"'8 N, rbht ascension 
I L 3 no. s 6 - 6 z & ; and Ibe sidereal time at Greenwidi mean noon 
JcBie lath, 5k ao 111.39a Ans. 50^ ^z' 55"-4 N. 

3. September ipth^ 38.55) at 4hL 13 m. 1:^5 a ajt. mean time at 

[dace, longitude 13^ $d W, the observed altitude of Polans 
56° z8' 4/', mdex error —5' 17", height of the eye 16 feet 5 required 
the latitude ? , , 

The declination of the star 88° 3a' I7"‘4 N*, :^ht ascension 
?cb. 710. 3748.^ and the adereal time at Greeimkh mean noon 
Sept 39(03, t i h. 31 mu 18*37 s. Ana. 35° 19' 46" N. 

4. Nowftbor 3th, 1853, at 8h. atim. 15s. P.M. mean time atplace, 
longi-tnde 16° ii' W, the observed altitude of the pole-star 
38^ zg^ index error 4- a! to", hdght of the eye 19 feet ; required 
the Is^tndef 

Xhe dedinatm of Ihe 88° 5a' 35^^*3 right ascensioii 
ib. 7111. 7*^7 8-> and the sidereal tii^ at Greenwich mean noon 
Hot. 5^1, i4bL 36 HL 36*40^ s. Ana. 37° f 33"*7 K 
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5. August 9th, 1855, at 10 h. 44 m. 40 s. P.M. mean time at place, 
longitude 10° 43' E, the observed double altitude of Polaris 
100° %%' 15", index error — i’ aS" ; required the latitude ? 

The star’s decimation 88° 3a' 4''-6 N", nght ascension ih. 6m. 43’8as., 
and the sidereal time at Greenwich mean noon August 9th, 
9 h. 9 m. 39’63 s. Ans. 49° 6^' 


Method of finding the Latitude by Altitudes of the Sun 

WHEN IT is NEAE THE MbEIDIAN. 


The altitudes are to be taken when the sun is within about 
30 minutes of its meridian passage, either before or after. 

The altitudes will generally change slowly, and therefore may be 
taken deliberately and carefully. 

In observing the sun, the upper and lower limbs may be observed 
alternately, so that an equal number of altitudes of both limbs be 
taken. The time must be taken by a chronometer, whose error is 

known. . 

The error of the chronometer for a;ppar&nt time at the place ot 
observation, should be determined from observations taken on the 
same morning ; and from this error the time which the chronometer 
will show at noon, may be directly inferred. 

And then the method is as follows : — 


I. Take the mean of the times, and thence deduce the cor- 
responding Greenwich date. Take also the mean of the observed 
altitudes. 

3. Find the sun’s declination from the Nautical Almanac tor the 
Greenwich date. 

3. Find the time the elirmometer shows when the sun is on the 

meridian. 

4. Take the differences between this time and each 01 the times 
shown, by the chronometer .when the observations were taken, and 
these ifferenoes are the hour angles or meridian distances of the sun. 

3. With these hour angles, enter Table XI., and take out the 
numbers which correspond to them ; and take the mean of those 
numbers; call the quotient N, 

6. Compute the “Reduction” from this formula: — 

JBed". = cos. laL x cos. dedin. x coseo. {m 6 r\ zen. diet ) y. N. 

7. Correct the mean of the altitudes, find the zenith distance, and 
subtract the “ Reduction ” -from it, when the sun is observed at his 
upper transit, but add it when he is observed below the pole. 

8. The sum of this corrected zenith distance and the declination 
found as directed in (a) is the latitude, when the decimation and zcuith 
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The difiercBce between this time and each of the times shown by 
the chronomete when the altitedes were ohserred, must now be 
taken, and with the remaining hoV angles, 

a sim— 

the corre^nding values of- - - » are taken from Table XL 

SUX JL ^ 


I Chronometer 

I At noon 8 li 66 m. 49 s 

Honr Angles 

Kos 

Table XI 

O's Meridian Zenith Dlstano© 
nearly 

h. m. s 

m B 



9 I 42 

4 53 

47 

r Dec + lat = JZ B. ’ 

4 25 

7 36 

I13 

1 lat. S and the doc N* 

4 50 

8 I 

126 

Pec. noon 22° 6' N" 

5 II . 

8 22 

137 

Lat. (acct ) 12 0 S 

5 53 

8 44 

150 

- 

6 o 

9 11 

166 

Mer Z P. 34 6 1 

6 25 

9 34 . 

180 

- > 

6 49 

10 0 

196 


7 18 

10 29 

216 




9) 1351 



Mean • . 

I 47 ' 9 =N. 




to compute the reduction, correct the altitude, and find the 


Reduction ... Jt 

K=CosL CosD CosecZ D Xlf- 

Altitude and ILatitudei. 

I • • 12 0 Cos 9*990404 

T\* * ^ 9 966859 

* 346 Ooseo *251317 

«• • . 147 9 Log 2*169968 

239*1 2*378548 

• • 3' 59"* I ' 

Obs alt ^ . , . Ill 17 ^2*2 

Index error . . , -.55 | 

2) irt te 57*2 

Ee&action . . 

S^diameter, , , + ij ^5.3 

PaiaUax . 

Eeduotion . . . jg!® 

Mendian altitude , SS SI 

Meridianzeauthdistanoe 34 3 20‘i R 
Declmabon . . , H 5 39-9 N- 

Latitude , . . n 55 40*28 
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The following example will illustrate the method when stars are 
observed 

Hxample a . — On September 39th, 1854, at Greenwich, the fol- 
lowing observations were taken of Jupiter when he was near the 
meridian ; required the latitude ? 

The index error of the sextant being - 9"- 5, and the error of the 
chronometer for Greenwich mean time 3 m. 33’0 s. fast — 


Sept. 29th . 


Cttiroiioiiieter 


la 8 , 

6 59 2 

7 o 17 

7 I 40*5 
7 2 29 

7 3 5 
7 4 20 

7 5 4-5 

7) 15 58-0 

7 ^ 16*85 
Error — 2 23 


. . 6 59 53-85 


Sextaat. 


O $ n 

31 37 45 
38 15 
36 30 
34 10 

34 35 
33 50 
33 

7) 37 10 


31 35 l8'6 
Index error —9*5 


3) 31 35 91 
15 47 34-5 


Qroonwidi date, corresponding to mean of otservalions, 
1854, Sept. 29^11, '6 li._5 9 m. }3 -^5 b- (mean tune) 


To find the time by chronometer when Jupiter was on the meri- 
dian : — , , 

*8 rigM ascermm — mean sun’s right ascension = mean time. 

The time of Jupiter’s transit might be found by the time of his 
meridian passage, given in the “ Nautical Almanac ” to the nearest 
tenth of a minute. But the method below applies to aU stars : — 


Moan Tkae of Transit (nearly) 


iff’s riglit ascension 

Oorr. = honrly diff, x 7 l^onrs .... 

ii. in. ^ 

* 19 18 37 or 

. 3 ’ 7 * 

Honily diff. *54 
• 7 

xigM asoonsion ai transit , , • . 

, 19 18 40 79 

3-78 

Mean o’s ngM ascension at noon . • . 

. 12 31 40 95 


Mean tuno at place (nearly) , . * # • 

, 6 46 59*84 



Or Sopt. 29tli, 6I1. 46 m, 59* 84s. 
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As the observation TOs made at Greenwich, this is a Greenwich 
date, and with it the right ascension of the mean sun may be found 
more correctly. 


Eight Ascension of Mean Sun 


At noon, Sept 29th. , * 

r 6I1. . 

Acceleration for < 

59s . 

^ *848. 


h m. s 
12 31 40*95 

59*14 

7*56 

•16 

•00 


Eiglit ascension of mean sun . , , 12324781 


If the right ascension of the planet were changing rapidly, its right 
ascension should ako be again corrected ; as this % not the case we 
may subtract the right ascension of the mean sun just deduced from 
the mht ascension of the star found before ; and the remainder will 
be the time of transit more correctly, and then the error of the 
c^onometer hemg added, the result is what the chronometer showed 
at the time of the star s transit. 


*’s E A — mean Q's E A, =5s 

Mean Tune of Transit 

Jupiter’s K. A. . . . , , 
Mean O’s R. A 

E m p 

. . 19 18 40*79 
. . 12 32 47*8i 

G-reenwicli time of transit , . 

Error of chronometer (fast) 

• * 6 45 52*98 

* • + 2 23 

COnonometer stows at transit . 

. . 6 48 15*98 


Next the declination of the star. 


Declination 

Correction 

0 / // 

22 42 56 -oS . 
Ooireoton , . _ 6-3. 

22 42 49 7 ^ 

. . Hqurly difference * , * *9 

. - . 7 

. .Correction . ^ ^ , 5.^ 


We must now find the hour angles* or meridian distances: and i 
the object were a fixed star these would be correctly expressed by th 
intervals shown by a sidereal clock between the time of each obsLva 
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tion and the star’s transit over the meridian. These sidereal intervals 
may, however, be found, from the mean solar intervals obtained from 
the chronometer : the time shown by the chronometer at the time of 
transit being found as above, and the reductions to sidereal time 
being made by the ‘‘ Tables of Time Equivalents,” in the ‘‘ Nautical 
Almanac.” 

In the present example, the object being a planet, a further small 
correction on the sidereal intervals should be made for the change of 
the planet’s right ascension, by subtracting a proportional part of the 
hourly change from the westerly meridian distances when the right 
ascension is increasing, and adding when it is decreasing. 

Jupiter’s right ascension is changing only about -65 seconds per 
hour, and the largest hour angle is about 17 m. ; and therefore, in 
this instance, this correction may be omitted. 


Chronometer 

Differences 
M Time 

Hour 

Angles, 

Sid Time 

Nos 

Table XI 

Meridian zenith distance 
(nearly) 

h m s 





Transit . 6 48 16 

m s 

m s 






FiistObs. 6 59 2 

10 46 

10 48 

229 

Doc. . . 22 43 8 

7 0 17 

12 I 

12 3 

285 

Lat, . . 51 29!^ 

I 40*5 

13 ^ 4*5 

13 27 

355 


2 29 

14 13 

14 15 

399 

M. Z D.. 74 12 

3 5 

14 49 

14 51 

433 


4 20 

16 4 

16 6 

509 


5 4*5 

16 48*5 

16 51 

557 





7)2767 




Mean , 

. 395 3 



To compute the reduction, correct the altitude, and find the 
latitude. 


■‘W* 

R = COS L cos D cosec M Z D x ^ 

Altitude, &c. 

Lat. « 

0 1 

. 51 29 cos . 

9' 794308 

Altitude . . 

0 

. 15 

# u 

47 34*5 

Bee, . 

, 22 43 COS . 

9-964931 

Eofraction , 


3 19 

M.Z B. 

. 74 12 ooseo . 

•016727 


^5 

44 15*5 

N. 

• 395 '3 log . 

2-596927 

Parallax . * 

, + 

I 

E. 

. 236*0. , . 

2-372893 



44 5 




Reduction . , 

. + 

3 56-0 


Beduotion 3' 56" 

•0 

Mor. alt. . . 

. 15 48 12 5 




ZB, ... 

. 74 

II 47 5 s '• 




Beo, ... 

22 

42 49 * 7 N 




Latitude . . , 

51 

28 57*8 N 
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•RTAWPT.Tnfl TOR PnAOnOB. 


I. If on July lath, i8j^, in lat ty account S, long, i^o® E, 
the following ohserrations were taken near noon on^ shore^ wi& an 
ar^cial honzon, the index error of the sextant being — 55", rad 
the error of chronometer for apparent time at the place of observation 
aL a3m. 18 s. &st; required the latitude? 


h. m s. 
3 28 XX 

30 54 

31 20 

Jt 4 a 
33 4 


Q in 22 30 
20 40 
19 o 
18 40 
18 0 


Declination of the sun atamiarent noon July iith, aa°_io' aa'''9 N, 
diff. in I hour — ao"*o 5 ; sunn semidiameter 15' 46"‘a. ’ 

Ana Lat. ii® 56' 34" S. 


' a. If on Septemlier 3rd, 1855, in lat. by account 4(5® 40' N, 
long. 2 ^ W, the following observations were taken near noon, with 
an artifidal honzon, the mdex error of the sextant being 4^" 5 * 
and tile error of chronometer for ap^ent time at place of observer 
tion 3 L la m. 40 s. slow ; required the latitude ? 


GhzolicniMter 
h m i 

a 49 38 

49 so 

50 O 
50 x6 
50 35 
so 46 


13 


Sextant 

O I if 

102 25 20 

§ XOX 2X O 

102 24 40 

§ XOX 2X O 
X02 24 20 

Q lox 30 45 


Declination of the sun at apparent noon, Sept. 3rd, 40' ^3'^ N, 


diffi in I hour — ^5' ’17 


sun’s semidiameter 15 
Ans. 




1 46® 4a'- N. 
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Hotrs Atstgles — ^Meeidiak Dietanoes^— Eight Asoensiohs — 
Computations oe Time— Eeeob and Bate oe Chbonombtbe. 

Eeepaeatoey Eules. 

Let P A, Pm, P®, and PO represent the meridians of the first 
point of Aries, the mean sun, any other object x, and of the observer 
respectively. 

Fig. 1 6 * 

3 ? 



1* Then since APw + mPO= APO, thierefore 

Mean Urn + wecm mn'B right mcmdon = asomsion of the meridiem^ 

Hence to find the ri^ht ascemion of the meridian add the 
mean sinfs right ascension to the mean time at place. 

Again, since a?PO==APO-APa;, therefore 

The wmtedi/ mmidim Metmm of the object as = B,A. of meridiem "BA,, of object. 

Hence the hour angle, or meridian distance of any^ celestial 
object is found by subtracting the object's right ascension from 
the right ascension of the meridian. 

If the object be east of meridian, as at a?', its right ascension A P a;' 
exceeds the right ascension of the meridian, and 
OPa?' = APo?^- APO, 

or the emterl^ meridian distance ia found by subtracting the right 
ascension of the meridian from the right ascension of tire star. 

The westerly meridian distance in this case is 

i^4h. — OPin' » 2^4h. ri- AP O — APa?', 

and therefore may be found by subtracting the object’s right ascen- 
sion from the right ascension of the meridian increased by 12^4 hours. 

ilenco the following general rule for finding the westerly meridian 
distance or hour angle : — 

Subtract the right ascension of the object from the right 
ascension of the meridian, increasing the latter, if n^essary, by 
£1^4 hours, and the remainder is the westerly meridian distance* 
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3. Again, since xFO + ATx = APO, and ' 

mPO+AP^ = APO. / 

Therefore to find the sidereal time or Mght ascension of the 
meridian add the right ascension of aiw object to its westerly 
meridian distance, and the sum is the / right ascension of the 
meridian or sidereal time ; and the rhean time at any place 
added to the right ascension of the mean sun gives the sidereal 
time at that place. 

4. And because APO-APm = mPO. 

Therefore, subtracting the mean sun’s right ascension from 
the nght ascension of the meridian (increased if necessary by 
^4 hours), gives the mean sun s westerly meridian distance, or 
the mean time. 

The above rules serve for determining the meridian distance or 
hour angle of any object, the time being given, or the time when the 
meridian distance is known. 

The westerly meridian distance of the sun is the measure of an- 
parent time. ^ 

The ^westerly meridian distance of the mean sun is the measure of 
mean time. 

The westerly meridian distance of the first point of Aries is the 
measure of sidereal time. • 


To Compute the mean or apparent Time M! ant Place 
EROM THE OBSHBYED AltITTJBM OP A HeAVBNLT BODT. 

A set of ^titudes, not less than five, should b^ taken, and the 
corresponding times mjlrked by a chronometer, the mean of the alti- 
tudes and the mean of the times must be fimnd, and t:te calculation 
then proceeds as follows : — 

1. Find the Grreemmeh date expressed astronomically; this 
^ may be deduced from the chronometer by apply ing its error for 
Greenwich time. _ Or it may be found from the time at the 
place and the longitude. 

*1^? object be the sun, take out from the “ Nautical 
Alman^” its declination and the equation of time ; and find the 
polar distance. 

3\ the object be a star, take out the right ascension and 
declination of the star, and also the mean sun’s right ascension. 
Find also the star’s polar distance. 
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4. The meridian distance or hour angle must then he com- 
puted from this formula : — 

/Sm ^ L = {^eo lat. cosee poL dist eos S . am (S — alt^ 

Wheri> S — ^ {altitude -f- latitude + pblar distance), 

5, Convert the hour angle into time, and if the object be east 
of the meridian, subtract this hour angle from 34 hours, to find 
the westerly meridian distance. 

6. If the object be the sun, the westerly meridian distance is 
the apparent time at the place of observation, and may be con- 
verted into mean time by applying the equation of time. 

7, If the object be a star or planet, add its right ascension 
to the westerly meridian distance, and from the sum, which is the 
right ascension of the meridian, subtract the mean sun’s right 
ascension, first adding 34 hours, if necessary, and the remainder 
is the mean time at the place. 

JExample i. — On December 8th, 1855, at ph. om. A.M. mean 
time at the place of observation nearly, in latitude 33° 40' 18'' S, 
longitude 153° E, when the chronometer showed 10 h 46 m, 44*03., 
double the altitude of the sun’s lower limb, taken with an artificial 
horizon, is .97° 49' ^5", index ^error - o' 35" ; required the error 
of the chronometer for mean time at the place of observation ? 


Oro^awicb Date. 

Longitude In Time 

d h ua 

Date at place . Deoemboi 7 21 0 
Longitude B ’ ’ . , . . — 10 8 

Beoojnber 7 10 52 

152 E 

4 

6,0) 60^8 

loll. 8 m. 

Gioonmcli Late uoaily, 1855, Bocomber ytb, 10 b 52 m. 

Sun's Boolhmtlou, Pago IX. 

Correction, Page I 

Doeembor ytb. . , 22 56 yS 8 

Ooireetwm « . . 4 3 o*8 

39 4‘4 

Soutb polax ibstanee 67 20 55 6 

BilferettcG for 1 hour , 4* ft *63 
. Hour|j past :gioo^ . ^ , 10*87 

11641 

I 3 P 4 

1663 

« i8o*768r 

Ooireoiion . . . . 4 3' ©^'*8 

Soutb Polar Bistanoo, 67*^ 20' 56'^ 
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Equation of Time, page II 


Correction, i 


December ytb . 
Oorreotxon . , 


m s 

8 27'77 

-'ir*92 
8 15 *85 


Difference for i bour 
Hours past noon * 


— f *094 

t 10*9 


Correction 


— 11*9246 


Equation of Time, 8 m. 15 *85 s. - for Apparent Tune. 


Correction of Observed 
Altitude 


Sin i hour /. = a / Cos S Sin (S— a) 
Cos I 


fi* • ‘ *97 49 55 Altitude . . 49 io 19 

Index error — r 


2) 97 49 30 


a T , 48 53 56 

SonudianiGter + 16 17 


Darallax 


True altitude 49 10 19 


Latitude . , 32 40 18 Sec . 

Polar distance 67 20 56 Oosec 


48 54 45 

Ee&aetion —49 Q , 


S - alt. 


2) 149 II 33 

• • 74 35 46 Cos 
. . 25 25 27 Sm 


49 10 13 i Jiour Z. . . 22 31 41 Sm 


. . 9*424264 

. • 9*632778 

2) 19*166705 

• • 9-583353 


45 3 22 bour angle. 
4 . 


6^0) 18^0 13 28 


<u XU H. 

Hour ftugle east, Ibeeaus© tbe tfmo is a.h. 3 013*5 
Bubtraot jboni 24 

Hour Z. ivost = apparent lime . , . 20 59 46*5 
Equation of time , , , , . , , — 8 15*8 


m 

Moan time at place 


20 51 30*7 


Therefore tbe obronometer, if conect, would show 
But tbe obronometer sbowed . . . , 


h m s 
8 51 30*7 
10 46 44*0 


Tlieroforo tbe obronometer was last on mean tune at tbe place i 55 13 *3 
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JExamph % — ^Altitude of a Leonis or Kegulus. 

If on February loth, 1855, at 9h. 5 m. p,m. mean tim6 nearly, in 
latitude 28° 0 , 0 ^ N, and longitude 3^° W, a chronometer shows 
iih. 16 m. !^5s. when the altitude of a Leonis is 41° 55' 10'', the 
star east of the meridian, index eiTor -f- and the height of the 

eye above the sea 25 feet ; required the error of the chronometer for 
mean time at the place of observation ? 


Grecnwicli Date 

Longitude in Time 

h m, 

Date at place, Feb, lotli . 9 5 

Long. Vv. +24 

February lotb * » f ix 9 

Longitude . • , , . 3 1 2 W 

4 

6^0)12^4 8 

2h.4m. 8s. 

Greenwich Date, 1855, Feb, 10th, ii h 9 m. 

E. A a Leonis * 

* Declination a Leonis 

h m Si 

February loth • . 10 0 39*74 

0 $ It 

12 40 24*5 N 

North polar distance 77 19 35 5 

, ^ Eight Ascension of the Moan Sun. 

' Sid©re«il time at mean noon . . . 

r II h. , . , 

Acceleration for -s 9 m, . . . 

V. OS , , , 

j# 

b. xn* s* 

21 19 59^54 

21 21 49*44 







132 


NAUTIOAX ASTEONOMI. 


Correction of Obgotvod 
Altitude* 


sin i hour Z. = a /-22ii5ii5=S> 
^ Cos I Sln i> 


Alt, ol)H. . 
Intbx t‘mr 


Truo lili , 


41 55 1-0 Altitude . « . 41 50 31 

+ I 30 J^titude . , , 28 30 o Soo *055418 

^ Polar distance , 77 19 36 Cosoo 010712 

AX ft 6 30 - 


41 56 30 

- 4 55 

41 51 35 

- X 3 

41 50 33 


3) 147 30 8 

73 45 4 Cos 
31 54 33 Sm 


9*448864 

9 723103 


3) 19*236096 

34 31 9*5 Sm 9*618048 

3 


49 3 19*0 
4 

6o^ rnfi ft TA»ft 


3 > 6 , V 3 . 


h. m s 

Ilonr anftlft onflt oC the morldian • . . . , , . 3169*3 

Hubtmctl^om 24 

Hour aniiflo west of tUo incrldtan 20 43 50*7 

XUght atfot^lon of a Loouifl add 10 039*7 

Klglit aaconMon of the nioridian 304430*4 

lUgUt lufcunsum of tlio luoon sun * . . . . 21 21 49*4 

M(<in tixno at ilio pLxoo of obsoryaiion « . . . . 93241*0 

!b« in, 81 

Tluiroft^ro tho oonoot moan tima at tlie place 9 33 41 

TimaskiwnbyUioobjroxiiC^^ * 11 16 35 


OliroiimotOtf ilM on mofitn time at the ^ • . i 53 44 


JBxahfles fob Exebcise. 

I. Given the true altitude of the sun in the morning 38° 29' 54", 
the sun’s polar distance 73® 40' ad", the latitude of the place of ob- 
servation 3 ,n° 40' o" S, and the equation of time 14 m. ia'7s. addi- 
tive to apparent time, required the error of the chronometer both for 
mean and apparent time? The time bjr the chronometer being 
10 h. »7 m. 57 8 , Ans. East for mean tune, i L 51 m. 43-8 s. 

East for apparent time, ah. 3 m. jfo-j a 


NAUTIOAl ASTEOKOMT. 


133 


%. Given the true altitude of the sun in the morning 30° 19’ 40", 
the sun’s polar distance 73° 58' 0", the equation of time 14 m. 17-9 s. 
additive to apparent time, and the latitude of the place of observation 
ii' S, required the error of the chronometer on mean and appa- 
rent time ? The time by the chronometer being 9 h. 53 m. o a 

Ans. Fast for mean time, i h. 31 m. 40-3 s. 
Fast for apparent time, ah. 3m. 38‘43. 

3. Given the true altitude of the sun in the afternoon 19° 37' 8", 
the surfs polar distance 71° 39' 38", the equation of time 6 m. 17 s, 
additive to apparent time, and the latitude of the place of observation 
74° 36', required the error of the chronometer for mean and apparent 
time at the place of observation ? The chronometer showing at the 
observation 7 h. 13 m. 43 s. 

Ans. Fast for mean time, i h. 49 m. 8 s. 

Fast for apparent time, i h. 33 m. 97 s. 

4. Given the true altitude of the sun’s centre in the afternoon 
19° 14' a3", the polar distance 71° 39' 43", the equation of time 

6 m. I - 6 s. additive to apparent time, and the latitude of the place of 
observation 74° 36',, required the error of the chronometer on mean 
and apparent time at the place? The time by the chronometer 

7 h. 26 m. 36' 4s; ■ Ans. Fast on mean time, i h. 49 m. 6' 8 s. 

. . , . Fast on apparent time, 1 h. 33 m. 8 •3s. 


To FIND THE BREOE HT THE HoHR AnGLE FROM A GIVEN EeROE 

IN THE Altitude. 

The formula for computing the error of the hour angle arisini* 
from an error in the observed altitude is — ^ 

TT, -! 7 7 error of alt. 

Mrror of hour angle = y ; = , = • 

•' ^ 13 X cos latitude . sin azimuth ’ 

therefore if the error of altitude be 13 " = i second of time — 

Error of hmr angle = lat cbseo azimuth; 

and this will give the error of the hour angle in seconds of time. 
Thus, if the latitude be 50° N, and the azimuth of the ohiect 
N 36° B- 

« o 

Boo 50 , 10*191935 

Ooseo 36 10*230781 

2*6473. 0*4227x4 , 


Therefore an error of 13'' in the altitude would produce an error of 
6 s. in the time computed from it under the given circumstances. . 
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When the azimuth = 90° the cosecant of the azimuth = i, and 
then supposing the altitude i in error. 

-®Tor of the Twwr angle in secmds of time = 1* second X sec latitude^ 

The effect of a given error of altitude is then least, and it is there- 
fore best to observe celestial objects on the prime vertical, when the 
intention is to obtain the time at the place of observation. In the 
case above given, an error of 15'' in the altitude would cause an error 
of I* 56s. in the time deduced from it, or about 5 -ioths of a second 
for every second of error in the observation. 


Another form of the expression for the error of the hour angle, in 
seconds of time, is, 


Hrror of Jimr cmgh = 


cos alt 

sinp , €08 I , sin h 


X 


Urror of alt. 


Where p = polar dist., I = latitude, and h = hour angle. 
In the first example worked at page 130. 


Soniii polaiT distance . , , 

Hour angle ...... 

LatLtade ....... 


o / 

67 21 sm . . , 9*965143 

45 3 sm . . . 9*849864 

32 40 cos . . . 9*925222 


Log. Denominator 


29*740229 


Altitude 49° 10' cos 
Subtract . . 


9 8J5485 
9*740229 


^119 


•075256 


mrefore if of error in the altitude would hawe produced an error 
ot little more than i-ioth of a second in the computation of the time. 


To Erin) THE Rate of a Chbonosieter. 


The rate of a chronometer, or its daily gain or loss, is determined 
by coming ite errors for mean time, as found by obserration at a 
different days. Thus, if by observation a chronometer 
IS found 40 s. fas^ and at the mid of ten days 30 s, slow for mean 
to ^the same pl^ it has evidently lost 50 s. in ten days ; 

^ ^ ^ g^n day a chropometL be 13? 

^apdatJeendofthirteenday8Vs.fast for m^”Se at anv 
pfe. It m^ have pained 43 s. in thirteen days, or ite r^ris about 

^ cases ^ iS “£ 
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done by finding tbe time at Greenwich corresponding to the time at 
the given place as computed from observation, and comparing that 
time with the time shown by the chronometer. When the errors are 
all refeired to Greenwich time, the rate can easily be found from 
observations taken at different places ; and it is often desirable to do 
this : for a seaman capngt always stop long enough at one place to 
obtain a rate that is entitled to confidence ; as the unavoidable errors 
of any observation render it advisable that a rate should not be 
deduced from^ observations separated from each other by a very short 
interval of tinae. If ^ more than two sets of observations can be 
obtained,^ it will be seen fromt the results whether the rate of the chro- 
nometer is uniform or not ; and for this purpose the manner should 
lose no opportunity to multiply observations, that any change in the 
rate may be detected and allowed for. 

Questions. 

JExam/ple i. — ^If on July the Ci9th the chronometer be slow 
aom. 57 ®* ^ud on August 18th, slow 2,0 m. 38 s. at the same place, 
what is the rate of the chronometer ? 

The chronometer has gained 19 s. between July !Z9th and August 
1 8th, that is in 2,0 days, and therefore its daily rate = = *95 

seconds per day, gainiing. 

a. A chronometer is fast for meantime i h. a8 m. :^9*5s. at a 
place in longitude 33*^ 45^ W, what is its error on Greenwich mean 


time? 

» $ I) e, » lams 

Suppose the chronomoter to eilow ...... 12 o o 

Subtracting the error . i 28 29*5 


Therefore t 3 b.o obronometer ought to show . . . .103130*5 

Adding the longitude m time W 2150 


The corresponding Q-rconwich moan time IS . . .124630*5 
But Uio chronometer showed , . . , , , . .1200 


Therefore the chronometei is slow on Greonwidi moan tune o 46 30*5 


3. A chronometer is slow 3 h. 35 m. 18 s. for mean time at a place 
in longitude 151° 35' 31" E; required its error on Greenwich mean 
time? 


Suppose the' chronometer to show 1^2 ^ o 

Adding the error 3 36 18 


Corresponding time at the place . . , . . . . 15 36 18 

Subtracting the longitude m time . . , , . . 10 5 42*07 


The cxirresponding Greenwich mean time is 
But the chronometer shows 12 h. or , 


Therefore the chionomotor IS slow on Greenwich mean time 5 30 35 93 
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4. A chronometer is fast i h. 35 m. 30* 7 s. at a place A, in longi- 
tude 37° 18' 50" E; what is its error for a place B, in longitude 
10° 15^15" W? 


h m s. 

Sappose the ohrononieter to ...... 12 o o 

fiaotrachiig ^hat it IS i 25 30*7 


!IlietmieatA 10 34 29 3 

Subtracting the longitude of A, east 22915*3 


The time at GFreen'wioh 8 5 14 o 

Subtracting the longitude of B, west o 41 i 


Tune at B 7 24 13 o 

But chronometer diowcd .,1200 


Therefore chronometer fast for B 4 35 47*0 


5. A chronometer losing 3* 8 s. per day, is fast for mean time at a 
place A, I h. ^9 m. 13*7 s. on May 3th, and fast for mean time at a 

f )lace B on May lath, ih. 17* 3 s.; required the difference of 

ongitude between A and B ? 


h xn s 

Chronometer fast for A on May 5th i 29 13 • 7 

Lost between May 5th and May X2th 26 6 


Therefore the chronometei is fest for A on May i2lh . i 28 47 * i 
But the chronometer is fast for B on May 12th . . . i 25 17*5 


BifferencG of longitude m tune . . . • • • • o 3 29*6 


The time at B bein^ the most advanced, B is the eastward place, 
and the difference of longitude is 5a' 44^^ 


6. A chronometer on July isi was 18 m. 45* 5 s, fast for mean 
time at a place A, and on sailing to B it is found to be xg m. 37 s. 
fast on July ;joth, and again on August 1st, at A, it is 18 m. 10 s. 
fast for that place 5 required the difference of longitude between A 
andB? ^ 


xn. s. 


Olpmiometer fast at A on July rst , . • • « • « 18 45*5 

, , , , Aug. rat « 18 10 

Tbrnrefoi^edbanUomSstoi^bfiftm 31 35*5 


Hence daily rate of the, chronometer = 1*148. losing. 

Between July ist and July soth, 19 days, the chronometer lost 
19 X 1*14= HI ’66 a. 
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Therefore, since the chronometer was fast for A on July ist , ^8 4^ c 
And lost between July ist and July 20th 21 7 


The chionometer was fast for A on July 20th . . . . , 18 23 8 

But the chronometer was fast for B July 20th . , . . ] 19 3 7 

Differenoo of longitude between A and B . , , . . , i ^ 7 ^ 


and B is west of A, because tbe time at B will be less than the time 
at A (see page 75). The difference of longitude is 0° 18' 18". 


7. A chronometer is slow on mean time at Liverpool on June a ist, 
a8 m. 27 • 5 s., and on July loth, 4 h. 17 m 58-63. fast for mean time 
at New York ; what has been the rate of the chronometer? 

Longitude of Liverpool, a° 58' 55" W, longitude of New York, 
If 59 o" W. 


I. Suppose the chronometer to show 

The chronometer was slow at Liverpool on June 2xst . . , 

Therefore the mean time at Liverpool is ...... . 

Adding the longitude of Liverpool 

The Greenwich moan tune is 

But the chronometer showed 

Therefore the chron. slow on Greenwich mean time, June 21st 


3. Suppose chronometer to show 

Omronometer fast at Now Yoik, July loth ..... 

Mean time at Kow York 

Longitude of Ifew York 

Greenwich moan time 

But the chionometer showed 

The ohionomotor slow on Greenwich moan time, July loth 


The chronometer slow on Greenwich moan time, Jnno 21st . 

»» #» >1 July loth . . 


The chronometer has gained in 19 days 


h 

m 

8 

12 

0 

0 


28 

27*5 

12 

28 

27*5 

0 

ir 

55 7 

12 

40 

25 2 

13 

0 

0 


40 

23*2 

h 

m 

8 

13 

0 

0 

4 

17 

«> 

7 

42 

1*4 

4 

55 

56 

13 

37 

57*4 

13 

0 

0 


m 

57 4 


m. 

" 2 


40 

23*2 

• 

37 

57*4 


3 

25-8 

• 

145-8 


♦ • , The daily rate of the chronometer has boon 7'67 s. gaining. 
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TO FIND* THE LONGITUDE BY A CHRONOMETER. 


This problem consists in finding the correct mean time at Greenwich, 
when an altitude of any celestial object is taken, by means of the known 
error and rate of the chronometer; and secondly, in finding the correct 
naean time at the place whose longitude is required by the method 
given at page 1^8. And then, the difference between the Greenwich 
time and the time at the place of observation, is the longitude of the 
place in time; east when the Greenwich time is the least, and west if 
the Greenwich time is greater than the time at place. 

In keeping a record of observations such as this for future working 
ticul^ ^ necessary to retain all the following par- 


I. The date at the place, with the civil or astronomical time, 
known^^ longitude, as nearly as they may be 

3. The time shown by the chronometer, with their mean, and 
e error of the chronometer for Greenwich mean time at a 
pven date, together with its daily rate. It will give very little 
trouble, and is desirable at the time of recording the observations, 
to find an astronomical Greenwich date. 

observed altitudes, with their mean — together with 
the mdex error of the sextant, or, better still, the list of obser- 
vations made for ascertaining* the index error, properly reduced. 

5« The height of the barometer and thermometer. 

Many valuable observations have been altogether untranslatable, 
some one or other of these elements. 

The date at the place serves the purpose of checking the Green- 
wich date deduced from the chronometer, by verifying, at least, the 
day and hour at Greenwich. ^ ^ ’ 

^mph I.— An altitude of the sun. On March 12th, i8«, at 
4 h. tom. P.M. mean time nearly, in latitude 50=48' N; longitude 
by account 65 E, when the chronometer showed ii h. 50 m. aof the 
observed altitude of the sun’s lower limb was 14° %' iJ tdev 

rLgittdT?’ these? iS^feet; ;equTred 

On February a5th, at noon, the chronometer was slow on Green- 
wich mean time i m. 40- 3 s., and its daily rate 3-53. gaining 
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Correction of the Observed 
Altitude 

Smlhonr / , /Cos S Sm (S-a) 

wuiTiicur ^ C08l Smi) 

Obs alt. . 14 50 10 

ladex error —2 20 

Altitude . . 14 56 20 ^ ^ 

Latitude . , 50 48 0 ^feeo *199263 

Polar distance 93 25 34 Coseo *000777 

2) 159 9 54 

79 34 57 Cos 9*257245 

64 38 37 Sin 9*956006 

3) 19 415291 

i hour Z. • • 30 35 29 Sm 9 706645 

61 10 58 

4 

14 47 50 

. ~4 II 

14 43 39 
Eefraction , —3 34 

14 40 5 
Semidiam. . + 16 7 

i4j6,i2 
Parallax . , -j- 8 

True alt. , 14 56 20 

■ 

HA 43 52 

4 4 43 ‘9 

Hour angle west = apparent time . . . 4 4 43 ‘ a 

Equation of time • , 

• • • • •+I0 2*4 

Mean time . • , , , 

. * 4 14 46*3 

/. Date at the place of observation March 12 \ 14 46 • 3 

Greenwich date . , 

. . March ii 23 51 7*7 " ' ' 

Difference = longitude in time , , , 42338*6 


4) 263 38*6 

. Longitude 65° 54-6 E 
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On March I3th5 the chronometer was fast on Greenwich mean 
time 10 m. ^2^0*5®*? its daily rate gaining. 


Greenwich Date nearly 

Longitude in TimC 

Date at place, March 3 yth . 6 10 
Longitude W 51 

Marcli27tli 7 i 

12O 47' W 

In time .... oh, 51m. 8s. 

Greenwich Dateftom the Chronometer 

Error from Rate 

h. m 8 

Chronometer . , , . 7 3 30 
Error on March 37th . -1030*5 

„ 6 51 59-5 

Gam aince . . , . —35 

March 37th 6 51 34*5 

Daily rale . . . . , 2*5 s. 

March i3th-3 7th , . . 14 days. 

100 

25 

Gained . , . • 35*0 

Greenwich Date, 1855, March 3 7th, .6 h. 51 m. 24*5 s, 

Right Ascension of Rcguhis 

Declination of Regulus N 

10 h. om. 39* 80s, 

! J r— 1 1 - — — — 

0 i /i 

13 40 34*7 

North |)olar distance 77 19 35*3 

Right Ascension of the Mean Sun 


Bideroal time atmcan noon, Maroh 27tli . . , . , , . o 17 34*47 

( 6 h 59*14 

Acceleratton for j 51m 8*38* 

( 24*5 s.« *07 


Bight asoeneion of the mean sun 


o x8 33*06 
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Correction of the Observed 
Altitude 


Sm i hour / ^ S Sin fS—a') 

'\/ Cos I Sxap 


Ohs, alt. 
Index error . 


Dip . 


Trae alt 


O / u 
40 20 O 
+ I 10 


40 

2r 

ro 

• 

-4 

24 

40 


46 

• 

~x 

8 

. 40 

15 

38 


Altitude , . ^ 15 58 

Latitude . . 22 o o 

Polar distance . 77 19 35 

139 35 13 

69 47 36 

29 31 58 


See 

Oosee 


Co^ 

Sin 


*032834 

•010713 


9*538332 

9-692778 


i liour Z. 


2) 19*274657 


- 25 42 41 

2 

51 25 22 
4 


Sin 9 637328 


6,0) 20,5 41 2a 

3 25 41*47 


Easterly tour angte “ 

Subtract Ifrom , , ... 2 2c 

"Westerly bour angle 
E. A. of Eegulus , 

B. A. of meridian . 

E A, of mean sun . 

(24 hours rejected) , 


3 25 41*47 

24 


• * 20 34 18 53 
uaa 10 o 39 80 

• • 30 34 58 33 
ml o 18 32*06 


6 16 26*27 


Correct date at place 
Greenwich date , . 


Difference = longitude m time 

Longitude 


__ d h m s 

. March 27 6 16 26*3 
March 27 6 51 24*5 


* 34 58-2 

8 ° 45 ~ 


* " ‘ Examples eob Exercise. 

of the eye 17 feet ; required the longitude ? *5 a ght 

meaSme°?m chronometer was fast on Greenwich 

mean nme 3 m. 27 • 5 s., gaming daily 4 • < s. 

Declination at noon, May 24th, N 20° 4,' h-q" difference for 

I +> and semidiameter 15' 40 • 4". ’ 

3 ~ appai'ent time 

3 m. 29 56 a, difference for 1 hour - • 221 s. Ans. 89° i' 39" W. 
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!Z. On October !2iotb, 1855, at 10 h. 15 m. A.M. mean time at place , 
nearly, in latitude ^7° 2^0' N, longitude by account 37° 20' W ; the 
observed altitude of the sun’s lower limb was 37° 21 index error 
— 4' 15'', height of the eye 15 feet, time by chronometer 
o h. 58 m. 52 • 5 s ; required the longitude ? 

October ist, 1855, at noon, the chronometer was fast on Green- 
wich mean time 17 m. ^^7 • 5 s , losing daily 3*53. 

Declination at mean noon, October :^oth, S 10° 14^ differ- 

ence for I hour + 53* 81^”, and semidiameter 16' 6" *6. 

Equation of time at mean noon, October c^oth, — on apparent time 
15 ra 3’ os., difference for i hour + *417 s. Ans. 38^ 7' 18" W. 

3. On December 13th, 1855, atioh. 2^7 m. a.m. mean time at 
place nearly, in latitude 41° 13' S, longitude by account 84° 10' E, 
when a chronometer showed 5 h. 5 m. :^7’5 s., the observed altitude 
of the sun’s lower limb was 64® 10' 39'^, index error — 5”, height 

of the eye 19 feet ; required the longitude ? 

November loth, at noon, the chronometer was fast on Greenwich 
mean time 10 m. 2^ s,, gaining daily 8*53. 

Declination at mean noon, December i:^th, S 2^^ 4^ 46'^* 9, differ- 
ence for I hour + io"- 96 , and semidiameter 16' 17''- 

Equation of time at mean noon, December li^th, — on apparent time 
6m. I 04s., difference for i hour — i*i8os. Ans. 84° E. 


4. On February i^oth, 1855, at 6h. i^i m. r.M. mean time at place 
nearly, in latitude 50° 51' 39'' S, longitude by account 34^ 17' E, 
time hy chronometer 4h, 22 m, 45 7 s., the observed altitude of 
a Eridani was 64^ 41' 24'^ index error — 10", height of the eye 

19 feet; required the longitude? 

January 3rd, 1855, at noon, the chronometer was fast on Green- 
wich mean time 16 m. 10 s., gaining daily 3 s. 

Declination February i^oth, S 57° 58' 43"'* 8, difference for 10 days 

— 

Eight ascension February aoth, iL 32^ m. 17-52^8., difference for 
10 days — •24B. 

Sidereal time at mean noon, 21 h. 59 m. 09 s. 

Ans. 34^ 46^ 42^^ E. 


The forthnla for computing the change in the hour angle for a 
given small difference in the latitude empoyed in computing it is — 

d eot p . coseo h ^ d . tan I . cot h 

d given increment or decrement of latitude, p = polar distance, 
A = hour angle, I = latitude, ^ 

Thus, in the example at page 138, let it be required to find how 
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much the hour angle would he changed if computed with a latitude 
lo^ or 600" greater than the one there employed. Here d =s 600". 


+ 

600" log 

a '778151 

- 600" 

log 

3*778151 

- p 93° 36' 

oot 

8*778114 

+ 1 50O 48' 

tan 

•088533 

+ h 61° II' 

ooseo 

•057413 

+ h 61° II' 

e 

oot 

9 * 740468 

-41*08 


I '613678 

- 404-7 


a 60715a 




— 41*0 






— 

/ H 





- 445 7 • » • 

7 35-7 



Henc^ as the negative sign shows, the hour angle would have been 
about %(!' less, if the latitude 50° 58' had been used instead of 

50^48'. 

Let us see : 


0 t tt 

Altitude . • 14 56 30 
Lahtode • 50 58 0 

Polar distance 93 35 34 

Seo * 3 oo 8 t 6 

Ooseo *000777 


3) 159 19 54 




79 39 57 

Oos 

9 *53795 


64 43 37 

Sm 

9 956305 




3) 19 '411693 


30 31 45-7 

Bin 

9 ' 705846 


a 


Hour angle . 61 3 31*4 
And the fonoer oaloulation 61 10 58 


DiflEbrence . —7 26*6 


The OTor in. longitude, thwefore, for lo miles error of latitude 
ironH m {hia ease be about miles 
The loD^de found -with tie last computed hour angle is 
47' la" E ; and, tabulating these results, ve see that — 

O I O / // 

/ ^th lat 50 48 y, the longitude is 65 54 39 B . , .A 
\ >> 50 58N ,, 65 47 mE . . . B 

Dxfoenoe of laittfande lo' N, Difference of longitude 7' 27" "W = 7 • ac W 
Middle latitude 50^ 53' N. ^ ^ 


Thra a ^ubt m the correctness of the latitude to the extent of 
10 miles north will make tie longitude also doubtful to the extent of 
7* 45 milM wertward. So also lo miles to the southward in the lati- 
j n^e a dafilerenoeof 7-45 miles eastward in the lonritude. 
as deduced from this parbcular observation. ® 
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Let it be recjuired to find how the points determined by these lati- 
tudes and longitudes lie with respect to each other, 

Twn, course frcm Ato B - -Piif X cos mid hi 

Biff lat ~ 

Difference of longitude 7‘4c . . o’875Tcfi 

Middle latitude® 500^5^? i 'cos 9-7999^ 


10 672118 

I * 000000 


Difference of latitude lo . , . , 

Oouise . . , ^ N250 io'W, tan 9-672118 


Therefore, if these places were found upon the chart, and a line 
rawn through them, this line would cut the meridians at an angle of 
^.35 10 W, and IS called a lim of positim of the ship, because the 
ship s actual place lies upon it, and it can be found even when the 
latitude IS not exactly known. 

The hne of position is also perpendicular to the sun’s bearing at 
the time of observation; therefore, subtracting 45° 10' from 90°, 


O i 

90 o 
25 10 


Sun’s bearings nearly S 64 50 W 


This may be verified by the actual computation of the azimuth of * 
the sun from this formula : — 


X sin p olar dktanm 

008 aUkud&r^ " 

Hour angle 6^ 1 1 sin 9*942587 

Polar distance 93 46 sm 9*999220 

aiaa,,, * . r9 -941807 

Altitude ^4 5^ coe 9 985079 

Azimuth S 64 51 W sin 9*956728 


Agreeing within a minute with the former result. The principles here 
practic^ly illustrated are the foundation of the method of finding 
the latitude and longitude from two observations, which is given at 
page 158. ^ 


li 
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Azimuths, Amplitudes, Yariatton or the Compass, Deter- 
mination QF True Bearings, &c. 

The priiuaple of all methods of finding the variation of the com- 
pass is the same ; the bearing of afty celestial object is to be taken 
with the compassi the time being also noted ; the true bearing is then 
computed, and if the true and observed bearings agree, there is no 
vanation 5 and if they disagree, the difference is the variation. 

If both the true and observed bearing be supposed to be marked on 
the compass card, then if the true bearing is to the right of the 
observed bearing, the north end of the needle is drawn to the right, or 
the variation is east ; and if the true is to the left of the observed 
bearing, the variation is west 

The methods of computing the variation given in the following 
pages are distinguished by the data used in the computation, viz. — 

1. The altitude, date, and observed beanng. 

2. The hour angle and observed bearing. 

3. The amplitude, at rising or setting. 

* 1 jnen th^ altitude is observed at the same instant that tive hearinq 

is takm, ^ 


Rule i. Find the Greenwich date, and with it, enter the ‘^Nautical 
Almanac, and take out the declination of the object observed and 
find its polar distance. 

, Compute the true azim uth from the followin g foraula— 

m i (rnmOi = • gpg (A* -foloTS,^ 

COS alt. . cos lat. 

where 8 denotes half the sum of the altitude, latitude, and polar dia- 
tance. ^ 


3. 'Je azimulh is reckoned from the north in south latitude, and 
from ^ south in north latitude, and towards the east or west 
ohsCT^)r ™ ^ increasing or decreasmg at tlie time of 
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Example i. — October 17th, 1855, at 9h. i^Sm. A.M. mean time 
at the place nearly, m latitude 66° lo! S, longitude 114° E, the ob- 
served altitude of £l o,' 00", index error + 4 height of the 
eye feet, also the bearing of the sun by compass N 13° 47^ E; 
required the variation ? 


Greenwich Date 

Long in Time 

d h m. 

Date at place . . Oct. 16 21 28 
Longitude E. . . . . — 7 3 ^ 

1855, Oct. 16 13 52 

1x4 E 

456 

7 h 36 m. 

Q’s Declination, page 11 

Correction 

Oct i6th . . . . 8 47 iV 7 S 

Cor +12 46*3 

9 00 4*0 

Diff in 1 hour . . . . +5V25 

Horn b past noon . . , . 13 87 

Product = cor , , . +12 46 3 

South polar distance . 80 59 56 



Correction of Obaerved Alt 


'^Cua S (5)8 (S — pol di8t ) 
Cob alt" Cos lat 


Ohs alt 0 , 28 2 o 


Index error . 

+ 4 40 

Dip , . , 

28 6 40 
-4 55 

Bofiaction . 

28 1 45 

- 1 47 

Somidiametor 

27 59 58 
+ 16 6 

Parallax 

28 16 4 
-fS 

True alt. 

28 x6 12 


(ah Allitndo . . . 28 16 see 

(iS Latitude . . . 66 12 see 

(p) 3 Polar distance .81 o 

2) 175 28 

S ... * 8.7 44 .cos 

B—p . . . 6 44 ,cos 


J azimuth . 
azimuth . . 


. 19 25 sm 

■ 


•055146 

•394x08 


8-597152 

9 996994 

2) 19 '043400 
9*521:700 


Trae azimuth . f N 38 50 B 
(Jbserred azimuth . 3 Sf 13 47 E 


Tamtion 


^5 3 ^ 


The variation is cast because the true a;zimuth*is *to Ihe right of the 
observed azimuth. 
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IL When the dJiitude is not observed, but the bearing and time of 
observation only. 

T. Find the Greenwich date. 

3. Take oat the declination and find the polar distance. 

3. Fmd the meridian distance of the object. 

(a). If the object be the sun, the apparent time at place 
is the meridian distance. 

(f). For any other object, the 

wentaJy mmdian dManee = mean time at + mean Q’s It A - ohjed'e It. A. • 

and therefore the right ascension of the object and the 
nght ascension of the mean sun must also be found. 

4- Compute S and D from these formulse 

tan S = sec. J (polar <iist. + oolat.) cos § (polar dist. - colat.) x cot J hour Z. 
tan D = coseo J (polar disi. + colat ) sm. i (polar dist. - oolat ) x cot J hour Z 


Observing particuMy that when ^ (polar dist. -J- colat.') is 
greater than 90 , S is also greater than 90°,’ and when 'less, loss. 

5. + is the azimuth when the polar distance 

IS greater than the colatitude, otherwise 189° — fS — D> is the 

ktitede.’ 1“ south, and south in north 
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Hour L = Apparent Tune at place 

Colatitude 

It m s 

0 ! 

4 18 20 

90 0 


Latitude 64 10 

4) 258 20 . 



Oolatitude 25 50 

Hour Z . . . 64° 35' 

- - 

IHourZ . . 32 i7*5=Jh 


Polar distance . » , . 

0 i 

. . . , 88 00 

Oolatitude ..... 

.... 25 50 

Polar distance + colatitude 

. . , . 113 50 = A 

Polar distance - colatitude 

. , , . 62 10 = B 

J A (less than 90°) . 

. . . . 56 55 



«... 31 5 

Tan S =" sec i A cos i B cot i h 

Tan D =* cosec ^ A sin ^ B cot iTi 

0 ! 

1 A. SS see *262920 

. . • . . . coseo *076819 

31 5 cos 9*932685 


\'h 32 18 cot *199164 

cot 199164 

S 68 3 tan 10 394769 

X> 44° 16' tan 9*988872 


And because the polar distance is greater than the colatitude, 
Azimuth = i8o° — (S + D) 


S = 6^8 3 

1) = 44 i6 

ira 19 

180° — (S + D) = 67 4t = azunutb. 


The azimuth is to be reckoned from the north because the latitude 
is south, and westward because the observation was taken in the 
afternoon. 


True azamuth . . , . N ^7 41 W 
Observed azimuth.. . . S 84 x W 


15 1 42 


Sum. . , 

i8o°— sum . 


28 t8 
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As ihe true azimuth is estimated from the north, and the observed 
azimuth from the south, and both towards the west, the angle between 
them, or the difference between them, is found by subtracting their 
sum from i8o®. 

The remainder is the variation, east because the true bearing is 
to the right of the observed bearing. Therefore the variation is 


Examples for Exeeoisb. 


I. If on May 17th, 1855, at nK om. pm. mean time, in lati- 
tude 48° 30' S, and longitude 90^ E, the altitude of the sun’s upper 
limb corrected for index error be 17° i6' 0’', height of the eye 10 
feet, and at the same time tlie sun’s bearing by compass be due N ; 
recmmed the vanation of 'the compass ? 

Sun’s decimation at mean npoi? on May i6th, 19° a’ la’'* 9 N, diff. 
in I hour + 34"* 5, and sernidaameter 15’ 50"- 6. 

‘ ‘ - •Variation 30° W. 

a. If on April f^5th, 1855, at 3 h. 30 m. p.m. mean time, in lati- 
tude 63° 14' N, and longitude 10® W, the observed altitude of the 
sun’s lower limb be 39° 46’ 37", index error -35^”, height of the eye 
17 feet, and at the same time the sun’s bearing by compass 
S 78° 13’ W I required the variation? 

Sun’s declination* at mean noon on April 9 <th. iq® *5’ N, 
diff. in I hour-j-48’'*74, and semidiameter 15’ 55 " ’ 5 * 

Variation W. 


3. On March 5^, 1855, at 10 h. om, pm. mean time, in latitude 
3' and longitude 17° E, when the altitude of Spica is 22P ^ 30" 
increasing, index error - i’ 30", height of the eye 15 feet, the bear- 
ing of Spica is S 33° 45' E ; required the variation of the compass ? 
Dedination of Spica 10° q 4 i8"* % S. Variation 34° 57' W. 


In the following questions the altitude is not given. 

^ in latitude 40° 50' N. and longitude 

07 3® ^5 9 ^7 3® ^ ^nean time, the sun bore by 

compass S 8 o° izii'E : reomred thft variAtinn + 1 .^ 



of time to be added to mean time am *4*478., 
djffi ia I Bout - '*41 8. Variation ii^ if R 

^ i8m. *0 8. P.M. apparent 

time, m^tode 64 lo S, longitude 3*° 15' W, the 8un boro by 

*1*® *1^® compaaa at the time 

10 17 W ; re(^mied tiie vanation of the compass ? 

Sun 8 d^natoon at apparent noop on SeptemW 44th, o® *0' **"• < S, 
diffi m I hour+ 58 • 53, and semidiameter 15' 59" *4. ^ ^ 

Variation *8® 48' E. 
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To FIND THE TeUE BeAEING OF A POINT OF LaND, OK OF ANT 

OTHEE Object in the Horizon, bt means of its observed 

ANGULAR DISTANCE FROM THE SUN. 

I. Let the time he noted when the distance of either limb of 
the sun from the object is measured, or, better still, let several 
distances and times be noted, and their mean taken. ^ 

If the further limb be observed, subtract the semidiameter 
from the obseived distance, but if tbe nearer limb, add. At rite 
down also whether the object is east or west of the sun. 

3. The sun’s altitude should also be taken (or it may be com- 
puted for the mean of the. times). 

3. Find the difference between the bearing of the sun and the 
bearing of the object from this formula. 

c os {apparent distance) 

cos {difference of bearings) = {apparent alt. of o). 

4. Compute the sun’s true bearing by either of the preceding 

methods. ; 

K. If the sun be east of the meridian and the object more east, 
or the sun be west and the object more west, add the. difference 
of the bearings to the sun’s true bearing. In any other case 
take the difference between the sun’s true bearing and the de- 
ference of bearings, and the result is the true bearing of the 
object. 

In like manner may any other heavenly body be used to find the 
true bearing of a point in tbe horizon. 


Example from Sir Edward Belcher's Treatise on Surveying. 


On May ist, 1834, at eight, observed the land about one point on 
the starboard bow ; about 9 b. 30 m. (srnooth water and very clear 
dav) detei mined on proving the reckoning. Put the patent log. 
over, and steered S 41° 30' W, so as to bring the objects well on the 
starboard bow, and prevent the action of leeway. 
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The following observations were then taken 


l)ate at Place, 

May ist, 1834, 9h, 35 m. 52 s* 


Sextant 

Q 52° 25' 30" 


£l to Outer iBtod Indei error. 
1 11° 34' o" 0 


Height of the eye i8 feet, latitude 33° 8' N, longitude 16° 10' W. 


Gieonwich Date 

Longitude m Time. 

m. a 

May ist 9 35 52 

Long. i % ^0 W. 

May ist 10 40 32 

16° 10' W. 

I h. 4 m. 40 s. 

Uoollnatlon, 

Correction 

Loo. . ?5 0 48 N, 

Cbr, , — j Q 

Oor, Bco, 14 59 48 

N. P. D. 75 0 12 

— ; — — — — 

- x' o'' 

Altitude Oorreetod 

Slnj-az- . (S-P) 

Cos lat (JOB alt 

— 0 t it 

Q . . . 25 25 30 

L)ip . . — 4 II 

52 21 X9 
rtdf, « • •— 44 

52 20 35 
Smldiato.. 4- 15 53 

♦If 52 36 28 
Par. ... 4. 5 

52 36 35 

• • • . 52 36 33 eeo *216633 

. 33 8 oseo *077067 

JN.l.D. . , . 75 0 12 

2)160 44 45 I 

80 22 22 cos 9*223333 

5 22 10 cos 9*998090 

2) 19-515123 

34 54 18 Bin 9 ' 757561 

O’s true bearing S 69 48 36 E 


The refraction added again to the altitude marked with the ^ srives 
5^ 37 for the apparent altitude of the sun. ^ 
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Cos App Dist 4 

Cos App Alt 

Apparent Bist O — Island , 
O's Somidiameier . • • . 

Bist from O’s centre , 

Apparent Alt O . • • . 

From 180®, because the distance 
than 90° . . . . , 

0 / n 

. . ixi 34 0 

. . + 15 53 

. . . lit 49 53 cos 9 570399 

. . 52 37 12 cos 9 783259 

52 13 35 cos 9 787x40 

To find tlie true bearing of the Island 

Tine bearing of Sun . 

. . . . S 6°9 48 3^ E 

Island W of Sun , . 

. . . . 127 46 25 w 

Bearing of Island . . 

. . . s 57 57 49 W 


To FIND THE YaeIATION OE THE COMPASS FEOM THE OBSEEVBD 
AMPLITUDE OE THE SuN OE A StAE. 

Trora the effect of refraction, celestial ol^’ects appear on tlie hori- 
zon when they are 33' below it, and therefore the altitude of the 
sun’s centre, or the altitude of a star, should be about 33' -j- the dip 
of the horizon, when the amplitude is observed to find the variation ; 
or the altitude of the sun’s lower limb should be about 17' -f- the dip. 

To compute the true amplitude and variation of the Compass. 

I. Find the Greenwich date. 

а. Take out the decimation of the object. 

3. Compute the amplitude, 

am amplitude = sin declination x sec Icddtude. 

4. The true amplitude is estimated Irom the east or west, ac- 
cording as the object is rmng or setting. It is also to be reckoned 
toward the north or smth according as the decimation is north or 
south. 

5. When the true amplitude and the observed amplitude are 
both north or both south, their difference is the variation; but 
when one is north and the other south, their sum is the variation. 

б . The variation is east or west according as the true ampli- 
tude is to the right or left of the observed amplitude. 
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Bxanvph 1. — If on October ayth, 1855, at4h. 3410. pm. mean 
time at place nearly, in latitude 53° 36' N, and longitude 5° 16' W, 
the observed amplitude of the sun be W 4a° 15' S ; required the 
vanation of the compass ’ 


Greenwich Date. 

Longitude in Time 

d h m 

Date at place, Oct. 2^7 4 34 

Longitude in time W 21 

Oct. 27 4 55 

Longitude , , . 5° 16' W 

oh. 21 m 4 8. 

Dechnation, page II 

Correction 

October 27th . , . 12 42 i 4 S 

Correction ... +490 

12 46 10 4 S 

Ditfeience m I hour . . 4.^0" 72 

Homs past noon , , . * 491 

5072 

45648 

20288 

4' 9"= 249 0352 

Bin amplitude = nn declination x sec laiitude 

De^nation . . . . i° 46 S Bm . . . q-344,- 

36 N. sec . . . ^1^65^2 

tt^Lpktuae: W42r5l., ™ • • • • ^ 

Variation. . . , , 20 55 E. 


™»E35°’so'I; reqmredThetanXn?”™* >>7 


feaaWKb Date 

Longitude in Time 

Jan, 23 20 4g« 

pmgitude , -iio-w 

, 2 ji. 4 m 
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O’s Decimation, page II 

Correction, page I 

- I 0 i // 

Jannaiy 23rd . . . 19 30 29*98 

— 12 19 2 

19 18 10 7 

Diffeience in I hour . . “35*54 

Hours past noon . . . .20*8 

Fioduct = collection . . 12' 19" 2 


Sm amplitude = sin declination x see latitude 


Declination 

190 

18' 

Sin 

9 519190 

latitude 

21 

14 

seo 

•030531 

Tiue amplitude 

2 CP 

46' 

Sin 

9-549721 


The amplitude is to be reckoned from the east towards the south, 
therefore, 

O / 

True amplitticlo , , R 20 46 S. 

Observed amplitude . . E 35 20 S. 

Bifierenco = Yariatiou . , 14 34 W. 


Examples eok Exeecise. 

I. On April a9tb, 1855, in latitude 36° aa' N, and longitude 
ia°W, at 5h. 3a m. a.m. mean time, the sun’s amplitude Is ob- 
served to be E 3" ao' N ; required the variation ? 

Sun’s declination at mean noon on April a8th, 14° 3' 45" N, diflF. 
in 1 hour -j- 4y'‘04, and semidiametcr 15' 54" 8. 

Variation 14° 3 a' W. 

a. If oil June 6tli, 1855, at 7I1. 40 m. p.m. mean time, in lati- 
tude 48° ay' N, and longitude 33° W, the sun’s amplitude observed 
with a compass at his setting be W 14° N ; required the varia- 
tion ? 

Sun’s declination at mean noon on June 6th, ct,%° 37' 59" '9 N, 
diff. in I hour + 15" '35, and semidiameter 15' 47" -5. 

Variation ai° 9' K 

3 On August ayth, 1855, at 5h. 30 m. p.m. mean time, in lati- 
tude ai° 4' Sj and longitude 6° E, the sun’s setting amplitude is ob- 
served by compass to lie W 10° o' N ; required the variation ? 

Sun’s declination at mean noon on Aug. ayth, 10° ii' 3a*'' 8 N, 
diff. m I hour - 52"- 69, and semidiameter 15' 5a" -4. 

Variation 0° 51' E. 
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4 - On January 25th, 1855, in latitude 16° 21' S, longitude 15° W, 
the amplitude of Spica when rising is E 16° 3' N by compass : 
required the variation ? o j r > 

Declination -of Spica at this time 10° 24' n''-5-S.- • 

Variation 26° 53'' 5 E. 

5. On January 3rd, 1855, in latitude 38° 17’ S, longitude 25° E, 
the amplitude of Sinus when rising is observed to beE 16° 20' S : 
required the variation ? 

Declination of Sirius 16° 31' n" S. Variation 4° 54' E, 


At the poles, the diurnal paths of the stars are parallel to the 
horizon,^ and they consequently do not meet the horizon at all ; and in 
nigh latitudes generally, the variable refractions, as well as the very 
acute angle at which the objects cross the horizon, render observa- 
uons ot amplitudes useless, when not impossible. A very small error 
in estimating the apparent altitude which the object should have, will 
make enormous differences in the observed bearings; but at the 
eq^tor the circles of declination meet the horizon at right angles, 
and aay probable error in tlje .time of the observation will hardly 
affect the observed amplitude ; for the bearing will be nearly constant 
tor some time before the object sets or after it rises. The rising or 
setting sun may, under these circumstances, be advantageously used 
in determining the true bearings of headlands, &c., for the difference of 
bearing between the sun pd any other object may then be measured 
witn a, sextant, and this difference applied to the true bearing of the 
sun will give the true bearing of the object, by a simple operation of 
addition or subtraction. It may be noted, that at the equator, the 
latitude being o, the seeant of the latitude = i, and the formula for 
the computation of the amplitude becomes sin amplitude = sin decli- 
mtvm; therefore the true amplitude is equal to the declinatim. 


To EEDUOB THE AlTITODE OE ANY CELESTIAL OBJECT OBSERVED 
AT ONE Place, to what it would have been ip observed at 
THE SAME INSTANT AT ANOTHER PLACE. 

-IL of the object must be taken at the same time that 

the altitude IS taken, or it must be computed for that time The 
course and distance run since the observation was taken must also^be 
noted. And the correction of the altitude for this change of place 
may then be computed. ® P^® 

2. Let A = the angle between the object’s bearing and the 
course, the distance being estimated in minutes. ^ 

Correction = distance x cos A 
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3. The correction is to he added when A is less, and subtracted when 
A is greater than 90^. 

JExample i. — An altitude of the sun was taken at lo h. 30 m. A.M.; 
the sun at the time bearing N 37® E. 

Required the correction for the place arrived at, after sailing 
N 58^^ W, 8 6 miles per hour, until 1% h. 39 m. ? 


1 

2 



h. m 

12 39 

10 30 

2*15 bonrs 

8 ’60 rate 

O’s beaimg 
Ship’s course . 

• • 

N 37° E 
N58O W. 

Interval 

Interval 

2 9 

2 15 boms 

1290 

1720 

18 490 run ^ 

A . 

A = 950 . . . 

18*49 . . . . 

cos 

log 

95° 

8 940296 

I 266937 




~*i6r . . , 

60 

• • 

0*207233 




— 9*660" 




The correction is to be subtracted from the observed altitude 
after correcting it for dip, refraction, semidiameter, and parallax. 

JExample z - — What is the correction to be applied to an observed 
altitude, to reduce it to the second place, supposing the bearing at the 
time of observation S 35° E, and the course and run to the second 
place, S 59*^ E, zo 6 miles. 

Object’s ])caiing S 85° E 
Slip’s course , S 5 9 E 

26’^ , . . cos + 9*953660 

30*6 . . . log , 1*313867 

18*51 .... .1 267527 

60 ■ '■ N l ■ 

correction + 18' 30" 60 


This prohlcm is used when an observation is taken on board ship, 
and after some time another observation is taken, and it is required to 
combine the results of the two observations to find the position of the 
ship at the time of taking the second observation, 
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To FIND THE Latitude 'and Longitude by Sumneb’s Method. 

(i.) Results deduced from the mean of a single set of Observations. 

(3.) From the means of two sets. (3.) Sumner’s method of finding 

the Latitude and Longitude. 

(i.) One Observation. 

I In the discussion of the method of finding the longitude by- 
chronometer it was shown how an error in the latitude with which the 
time has been computed afiects the longitude deduced from an obser- 
■ration. If several latitudes not differing very greatly from the truth 
be successively employed in calculating the longitude, each latitude 
will give a different longitude ; and if with each latitude and the 
longitude deduced from it, a point k found upon the chart, it will be 
seen that these points lie very nearly in a straight line, whose course 
is the complement of the bearing of the object ; in other words, the 
line of position is perpendicular to the direction of the object at the 
time of observation. 

3. How does this happen ? At the time of observation the object 
must be vertically over some point of the earth’s surface, having there 
an altitude of 90° ; and if a circle be supposed to be described about 
this point as a pole at the distance which the observer is from it, then 
to all persons situate upon the circumference of this circle the ob- 
ject would have the same zenith distance, and the same altitude. 
A small portion of this circle in the neighbourhood of the observer’s 
true position may be considered as a straight line, and this line is 
evidcndy perpendicular to the direction of the observed object ; and 
it is this line which has been called the line of position. 

3. Two assumed latitudes with the two longitudes calculated from 
them will be sufficient to determine the line 0/ position, provided the 
latitudes do not differ greatly from the truth Let the places be 
found upon the chart, and a line be drawn through them ; somewhere 
in this line, or very near it, the observer’s place is to be found. This 
much can be ascertained from one observation 

4. After the observation the ship changes her place ; but if from 
any point in the line of position the ship’s run be laid off in proper 
direction according to the ship’s course, and through the point thus 
found a line be drawn parallel to the line of position, the ship’s actual 
place IS still somewhere on this line. And as a ship, near a known 
coast, when her latitude has been found is sometimes run along the 
parallel of latitude until the land is seen, and thus her position veri- 
fied, so in this case, by running upon the line of position, or any line 
parallel to it, the land may be recognised, and all the advantages of 
parallel sailing be made available, even without precise knowledge of 
either the latitude or the longitude. 
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5 - If the observation be not immediately worked, allowance may 
be made upon the observed altitude for the run of the ship, and the 
line found from the corrected altitude when drawn upon the chart 
will pass through the present position of the ship. 

(ii.) Two Observations, 

6 If a second observation of the same or any other celestial object 
be taken and treated in the same manner, another line of position 
may be drawn, which will also pass through the place of observation ; 
and therefore the intersection of the two lines will give the ship’s 
place ; the latitude and longitude of which will then both be ascer- 
tained. 

7. As the place is ascertained by the intersection of two lines, it 
Will be best defined when they are at right angles to each other. 

And, as the lines are at right angles to the bearings of the objects, 
their inclination to each other is always equal to the difference of the 
bearings of the objects observed, which should therefore be such as 
will give a well-defined point of meeting, say from 45° to 135°.* 

8. The method of computing the latitude and longitude is now to 
be explained. ^ The first altitude must be reduced to what it would 
have been if it had been taken at the same place as the second 
observation (see the problem at page 156). 

I. Assume two latitudes differing » about a degree, and near 
the supposed latitude of the ship. Cotnptite' the longitude with 
each of them, first from one observation, and then from the other ; 
thus four longitudes will have been found. 

a. The form of Tabulation will be best illustrated by an ex- 
ample. Suppose that with the assumed latitudes 31° IsT and N 
four longitudes have been computed, they must then be arranged 
thus : — 


1 ) Lat -- 60 -IX 

With Lat 61 “ N. 

With Lat 62 ° N 

1st Obs”, Longilndo 

a 

0 / u 

33 34 40 W 

a' 

0 t ^ 

33 30 17 lY 

2 nd Obs”, Longitude 

1 ) 

33 29 51 w 

h' 

33 31 9 ^ 


Bjdlferetiocs of Long. A . . . 4' 49"K . . . , 0' ?2"'WB 

B . . o 52 W 


A 4 B .. .. . 5 41 = 341" 


3. The longitudes are distinguished by the letters a, a', I and 
V, to facilitate references to them. The differences of longi- 
tude are marked E or W, according as the longitudes in the 
second line, i and V , are east and west of those above them. 
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The neater difference is to be denoted by A, and the less one 
by B. The difference between the assumed latitudes is distin- 

When A and^^Me both E or both W, their difference 
must be taken ; hut when one is E and the other W, as in this 
example, iJieir sum is to be taken. 

5. Eitb^ latitude may be corrected, but it will be found more 

<x>nTenient to correct that which stands over the larger difference 
A, because the rules for applying the correction can be expressed 
and reraembered more easily. ^ . 

6. The formula for computing the correction of the latitude is 

when A and B are both E or both W, and 
A - B 15 

P 1.1 TTI 1 TIT 


then 


when one of them is E and the other W. 

In the present mstance-r — p-o = — ^ ^ 77 == 5 ^ 85-50 51. 

^ A -{“ 341 

7. The correction to be applied to the latitude 5i°N is there-' 
fore 50^ 51'', and it is to be considered as a north difference of 
latitude if the other assumed latitude is to the north of the one 
we are correcting, and vice versa. Therefore in the example 
bdbre us the correction is 50^ 51^' JST. 


Aj^raned latitude 

0 

• . « « * 5 X 

! 

0 

oN 

Ooirection ........ 

50 

51 N* 

Ckarected laktode ...... 

« t . • • 3 X 

50 

Sr N 


8. The longitude is now to be found. For this purpose take 
the loB^tudes a and d from the table ; find the difference of lon- 
gitede, and call the difference C. 

9- And the correction of that longitude which stands over A in 

iie table can be computed from the formula ^ ^ or 

according as A and B are of the same or different names. 


a (to be corrected) 
Mtonoe of longitade , , 


33 34 40 W 

33 30 xyw 


0 = 4 23 11=8263'' 


C(MTeoti.<Hi = ^ ^ ^ _ ^89 X 263" 
A 4. B 341 


223" =; 3' 43^^ 
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10. And this correction is to be considered as an east or west 
difference of longitude, according as the longitude not to be cor- 
rected (or that which stands over B) is east or west of the one to 
be corrected. In the present case the correction is 3' 43^' E. 



0 



Longitude a 

33 

34 

40 W 

Correction 



3 

43 E 

Corrected longitude 

30 

30 

57 W 


II. Or the longitudes I and V may he employed thus : — 

Longitude?) . . . 33^ 29' 51" W (to be corrected) 
Longitude b' . . 33 3 i 9 W 

0 = 1 18 = 78 W 


Correction of b = ^ - = 66" = i' 6" W 

Longitude 5 = 33^ 29' 51" W 
Correction = i 6 W 

..... * 

Corrected longitude 33 30 57 W 

Agreeing with the former calculation. 


i!^. The corrections for the latitudes and lo^ 
give the smaller difference B are and 


itudes which 
respectively. 


13. A little sketch will be found useful in verifying the mode 
of applying the corrections to the latitude and longitude. 

First distinguish the two longitudes deduced jfrom one ob- 
servation by the letters a and a', and the others by h and V as 
in the table in article 

Draw two horizontal lines to represent the parallels of the two 
assumed latitudes, and four vertiem lines ligMly to represent the 
meridians corresponding to the four calculated longitudes. Con- 
sider the lower of the two honzontal lines to represent the more 
southern parallel, and the vertical line most to the left as the 
most westward meridito. 

Select the most westerly longitude (in this case it is 33° 34^ 40", 
and stands under the latitude 51^) ; make a dot at a to represent 
the place in this latitude and longitude, for this point is on the 
parallel of 51^, and also on the most westerly meridian. Pro- 
ceeding thus in order, the next most westerly longitude (S') is 

M 
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te iptu tfe© ]^yratli 0 l, so also is ttio next (c (> ), and 
tim it) |«rallel 51® N* 


Kg. 17 . 



Tirf? four fwnts temg thus arranged and lettered, join a a' 
«i;f! -^Z, and the fioiiit F where these lin^ intersect represents 

tia* mtmi place of llie ship. 

14* Tte P, then, is to the north of the latitude 51° N, 
iirf to lie «sl #f the longitude of a, 33^ 34' 40" W. P Q is 
rwproctioft of the latitude 51° N, and a Q the correction of 
the hmiintude 0^ 33^' 34"" W. P Q' represents the correction 
I# liii" hititiiile 53^ N, and d Q' the correction of the longi- 
tuA^ 4\ 

I III fig* ahoTel h the quantity denoted hy A in the cal- 
mlatiiw* the uiffoimce which is there called B, Q Q' the 

of the assumed latitudes = D, and aB. = C the dif- 
S^stm of longitude teween the meridians of a and a\ Now by 

|i«e ftliiiikr tmogles a P I, a' P I', 



PQ' 


PQ 

^ d 

.V ^+I * 

PQ ^ 

or = 

PQ' + PQ QQ' 

a 1 

FQ . PQ 

jjj, A -f B 

D 

A 

PQ 


PQ, or thc_ correction of the latitude of the parallel 

r ^ >C *1 


4 fi « *£*'^ 

A -f- IS 

Agtin, % the iimikr triangles a P Q and a R «' 

«E- 
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But ^ R = C, R a' 


A 
A + B 


■= D, and P Q has been shown to 



A.D _ A.C 
A+B A + B’ 


which is the formula for computing the correction of the longi- 
tude a. 

When the lim% of position have to be produced to meet, the 
appropriate formulae will be found by subtracting each side of 
the equation (i) from i, which is equivalent to making B nega- 
tive, and therefore the corrections of latitude and longitude 
become ‘ ' 

Cor. of lat, = ^ ^ and cor. of long. = ^ . 


Example a. — Suppose that with the latitudes 15° o' S and 15° 30' S, 
the longitudes have been computed from two observations and tabu- 
lated as under ; required the latitude and longitude ? 


n.Lat - 30 'c.D 

WitU Lat. 15 ® 0' S 

With Lat 16 ® 30 ' S 

ist Obs". 
2nd Obs". 

Longitudes 

Longitudes 

a 

1 ) 

0 * **, -r^ 

100 7 56 E 

loo 28 23 E 

a' 

V 

O / u 

100 14 2 E 

100 19 51 E 

• 

I) = 30' 

A . . 20 27 E 

B 4 . 5 49 E 

B . « 5 49 E 

A - B . . 14 38 = 878" A = 1227" 


I. Here the difference between A and B is taken, because the lon- 
gitudes 6 and V are both eastward of a and a! respectively. 

The latitude 15° o' S will be corrected because it stands over 
the greater diiffcrence A. 

3, The correction when found will be applied southwards because 
the other latitude 15^ 30' S is to the south of the one we propose to 
correct. 


Cor. of lat 

Assumed latitude . 
OoiTeotxoa . . * 


1227 X 
878 


= 4', 19 S = 41' 54 *" S- 
. . 150 o' o"S 

41 54 S 


Oorrootod latitude . 


15 41 54 S 
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Fig 1 8, 


Lcmgitade a 
IxJiigitude a' 



DifEl bng = O 


6 6 = 366" B 


Oa,.ofic«g =1^ = ^ g, 3 ,„e 

Longitude a * 100° f 56" B 

Comotwm ....... 8 31 E 


Corrected longitude 100 16 37 B 


2 

i 


JExam^ 3.— From actual obserration at Greenwich. 


T> Lat ap' = D 

With 61 ® 2 or IT 

With Lat 61 * 40 ' N 

ISt Obrf*. 
:>nd Obs®. 

Longitudes. 

Iiongitudes 

a 

1 

h m 6 

0 0 8 W 

0 0 30 B 

a' 

V 

h. m s. 
o o rt E 

0 0 35 W 

1 

B . . 18 B A . . j6 W 

ta a a a aBa. 38 B 

D = 20' A = 36" 0 = 19"^ A + B . . 64 


, . ^ Assumed lat. , . . 51° 40' o" N 

Oor. of lat. = *■— = xi' 15" S Oorreotion ... ii 15 S 

A + B 

^ Q Latitude , , , 51 38 45 N 

Oor. of long. = 7 s- 

. h m s 

, , , Long a' . . , , o o ir B 

Oorreolion ... 10*7^ 


Long mtnno . . o o 0*3 E 
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Hxam'ple 4, at length. — ^If on September 30th, 1855, in latitude 
by account 15° 30' S, longitude by account 100° 10' E, the following 
observations were taken ; determine the latitude and longitude ? 

M time nearly Chronometer Ohs alt Qi 
h m h m B 

O I // 

8 48 AM. I 14 53 SI Index error — 4 ' 15 " 

2 19 PM. 6 45 40 51 12 14 HeigKt of the eye 15 fti 

On August !^7th, at noon, the chronometer was slow on Greenwich 
mean time 48 m. ii s., losing daily 5*53. 



Greenwich Date nearly 


Longitude m Time. 


h. m 

1855 , September 29 th . 20 48 
Longitude % . , . . 6 41 E 

September 29 th 14 7 


100® 10' 

6 h 40 m, 40 s. 


Greenwich Date. 


Error from Rate 


Ohronomoter 
Slow, Aug. 27 th 


Lost since . 


h m. s. 

I 14 53 
48 II 

334 
3 4-3 


September 29 th 14 6 8*3 


Daily rate — 5*5 
Days X 33 '5 


Loss 3 m. 4*3 s. 


DecMnation, page H 

Correction. 

Deolinatiott i 17 31 ‘8 8 
+ 13 43 '6 

+ 58 '41 

X 14 ' I 

2 31 i 5‘4 

13 ' 43 - 6 " 

Polar dist. 87 28 44*6 





m. B. 

■ ■ 4 3J'76 

+ 


9 4 i- 3 i 


Sub. frord ap|)arent time. 


+ -819 
X I4*x 
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Ooxxeotlon of 01)a6r^ Altitudo 


Oompatation of Tone and LougitTide 


01)8 nit 
IndeKcor 


Bip , . 

Tteficackon 

R Anm<1in.Tn , 

Poiallax 
Troo alt. 


O t II 

42 57 AO 
"4 15 

42 53 25 
“3 49 

42 49 36 

— r I 

42 48 35 

+ 16 I 

43 4 36 

+6 


let —With Latitude IS**. 


O I II 

43 4 42 
15 O O SCO 
87 28 45 oosoo 


145 33 27 
72 46 43 00s 
a 29 42 1 sm 


^ alt. . .43 4 42 

I 32 56 50 am 

Enai lioiTT angle in dt^gtoos, &o. . 45O 53^ 40" 

h xa 8 

ICaat I101U toiglo in * . • 3 3 34*7 

Soptombor 29th 20 56 35*3 
Equation of timo , . . « . —9 45*3 

Soptombor 39th 20 46 40*0 
Gxocmwioli dnto Soptombor 39ih 14 6 8*3 * 

Longiindo m timo , , , , a 6 40 31 7*ss i 


9-47Jr387 

9*695011 

19*181875 

9*590937 


O 6 40 3J /'"sa 100® f 56"] 


2nd.— ’With Lntltodo 15* 8(K 


« 15 30 0 too 

P 87 28 4$ 6OSOO 

8 73 * 43 COB 

8 - » »9 57 1 sin 


J&uit lunu oagla in dogioos, Sm. 
I’iosl limit imglo in limo . , 


»a 53, 47 sin 
45* 47 34 
lu xn H 
3 3 Jfo*3 


liquation of timo 


Longitude in timo * • , • , a' 6 40 56*1 » 100^ 14' x" E 


20 

56 

49’ 7 

- 9 

45 ’3 

20 

47 

4M 

14 

6 

8-3 

6 

40 

56*1 


•016089 

•000421 

9*465335 

. 9'.6983I7 
X9 *180052 
9 •590026 
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Second Observation. 


Greenwicla Date neaily 


Longitude m Time 


1855 . . September 30th. 2 19 

Longitude ... . . 6 41 

September ^gtb. 19 38 


6b.. 40m 40s E 


Greenwich Date 


Error jErom Late 


h m s 

Chronometer . . 6 45 40 

Slow on August 27th 48 ii 


Lost since 


7 33 5 i‘ 

3 5 9 


September 29th 19 36 56*9 


Daily rate 5 5 
Days . X 33 ‘8 


Loss 3 m 5 * 9 s 


Declination, page II 


Correction Equation of Time, page II 


Declination 2 17 31*8 S + 58 41 
+ 19 4*8 19 6 


2 36 36‘6 
Polar dist. 87 23 23*4 


19^-8" 


xn s 
9 33*8 
+ i6‘o 

9 49*8 

Sub fiom app. time. 


+ ’819 
19 6 


Correction of Obseivod Altitude 


Computation of Time and Longitude 


Obs alt . 
Index cor 


Eofraction 


0 / // 

.51 12 14 

— 4 15 

51 7 59 

- 3 49 

-51 4 10 
- 46 


51 3 24 
Somidiameter +16 i 


Parallax . 


51 19 25 

+ 5 


True altitude 51 19 30 


West hour angle 
Equation of thne 

Date at place 
Greenwich date 

Longitude in timo 


1st — With Latitude 360 

O i n 

51 19 30 

15 o o sec 
87 23 23 cosoo 

153 42 53 * • 

76 51 26 cos 


S — a 35 31 56 sin 


18 35 2 sin 

37 10 4 
h m s 
. 2 28 40*3 

9 49-8 


. Sept. 30th 2 18 50*5 
. Sept. 29th 19 36 56*9 


‘0x5056 
• 00045 1 


9*356750 

9*634496 

19*006753 

9’503376 


6 6 41 53‘6 = 100° 28' 24" E 
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To rmD THE Beaei^tg of the Object at the timb op either 

Observatiois'. 

I. With the assumed latitudes, and the longitudes deduced vith 
them from either ohseryation, compute the course of the Ivm of posi- 
tion by middle latitude or Mercator’s sailing. 

2,. Subtract this course from 90°, and the remainder is a bearing 
from the N if the course is N", ov from the S if the course is S; and 
towards the E if the course is W, and towards the W if the course 
is E. • 


3. This bearing or the one directly oppoate to it is the bearing of 
the object ; and no dilSGlculty can arise m actual practice in distim 
guishing which should be taken* 


Example, — Req^uired the bearing of the object at the time of the 
second observation in Example 4, the sun being west of the meridian 
at the time of observation? 


latitude. { 

Hiff. laiitade 30 S 


Longitudes | 51 B 

Hiff longitude 8 33 =a 8'* 55 'W 
Middle lat = 15° 15' 


lai, Wiat 


Diaionfe 8^*5^ , * O’ 93x966 90° o' 

Mid. lat. 15° 15' cos. . 9*984433 S15 33 W 


10’ 916398 S 74 38 B 

DijBf. lat 30' . • . . i'47yi3i or IT 74 38 W 


Ooureo S 15® 23' W tan 9* 439377 


Therefore the bearing is N 74° 38' W ; for the sun is evidently to 
the north of the place of observation, for the declination is only about 
0^^ 36' S and the latitude 15° 4a' S. 


To Piisri) THE Time at the Pxaob, correspoothstg to eitheb 
Observation after the Latitude has been pound. 

I. Take the difference between the times at place deduced from 
one observation, and call the difference C. 
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0,. The correction of the time deduced with the latitude which gives 
-- AxC AxC 

’ r+B “’■atitb- 


the greater difference of longitude A is 


3- And the correction is additive if the time to he corrected is less, 
and subtractive if it is greater than the other. 

&ampU.~Ut it next he required to find the time of the second 
observation and the error of the chronometer, in Example 4. 


Date computed with lat 15° . . (meantime) . 
Date computed with lat 15 ° 30' (meantime) . 

h m 8 

. . Sept 3olh 2 18 50 5 
. . Sept 30th i 18 16 3 


0 ' . . . 34-2 

OorrocUon of the time found with lat ic^sr”^ 

^ A 
_ 81 

. 0' 

-- B 

^ = 47’8 s nearly. 

T^rs correction 47 • 8 s, is to be subtracted from the first time, for as 
the hme found with lat. 15° 30' is less than that with 15°, it will be 
still less for the correct lat. 15° 41' 54". (See Rule 3.)^ 

Moan time at place computed with lat. 15 o , 
OoiTectxon , . 

h m 8 

. . . Sept 30th 2 18 50 ’5 

- 47 8 

Oorrocted date .... 

Ohronomotor showed at 2nd observation 

. , . Sept 30th 2 18 2*7 
* • % . . „ 6 45 40*0 

Ohronomotcr fast for moan time at place . . 

...... 4 27 37 3 


Questions eoe Exercise. 


I. On June 3rd, 1835, in lat. by account 37° 35' N, long, by 
account 19° 2,6' W, the following observations were taken ; required 
the latitude and longitude by Sumner’s method ? 


jMean Time nearly Chxon. Tune 

li m h IQ s 

10 22 AM. II 44 58 

2 45 PM 466 


Obs Alt 


O / // 

64 25 4 

50 48 1*5 


IMex error -f- i ? height of the eye 2,0 feet, sun’s bearinnf at 
the first observation S 59° 10' E, ship’s run in the interval S S W 
o miles per hour. 
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Oa May aoth, at aoon, the chronometer -was fast on Greenwich 
mean time i m. 48 • 5 s., gaining daily 4 35 s 

Note. The answers are found with assumed latitudes 37° ao' and 
37 ° 50'- 

Lat. . 37° 39 ' 51" N 
Long. 19 39 59-5 W 


} 


On July ist^ 1855, in lat. by account 14° 37^, long, by 
account 70° 40' W, tlie following observations were taken ; required 
the latitude and longitude by Sumner’s method ? 

Mean Time nearly. Chron Time Mean of Obs Alt Q’s L L ' 

bm hms o ! t! 

8 45 AH. I 51 33 41 14 21 5 

10 30 AM. 3 34 51 63 19 43 

Index error + 4' 35", height of the eye 33 feet, sun’s bearing at 
the first ohsorvation N 71° 45' E, ship’s run in the interval 
W b S ^ S 5 5 miles per hour. 

On Juno 18th, at noon, the chronometer was fast on Greenwich 
mean time 35 m. 43 s., losing daily 7 s. 

Note. The answers are found with assumed latitudes 14° 50' N, and 
14® 30' N. 

Lat. . 14° 39' 58" N1 
Long. 70 44 54 WJ 


Data from the “ Nautical Almanac” for the above questions: — 


Ko. 

Bate. 

DeoUnatlon at 
Memi Noon 

Biff in 

1 hour. 

Emmtion of Time 
Motvn Noon 

Biff in 

1 hour 

O'a 

S 1 ) 

■{ 

Judo 3 nd 
Juno 3rd 

0 t u 

23 9 30*7 TSl 
22 17 I3’0 N 

+ ig'jy 

+ 18-30 

m. a 

2 25 •25- a. t 

2 15 95— a. t. 

8 

-•388 

-•404 

t It 

15 48 

3 

July Jst 

23 9 9 N 

— 10 22 

3 33-31+0.1. 

+•+79 

15 46 


3 - If. on January 3nd, 1855, the following quantities be deduced 
from observations made at the same place, viz. : 


Uroenwidi Bates. 

True Aliitudos. 

4 4 m. 0 

January .. 2 6 38 44 i 

January . . 2 7 33 44 

Altair .... 3*4 46 ^6 
Voga .... 42 2X 6 


required the latitude and longitude by Sumner’s method, using the 
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data tabulated hereunder, which are taken from the ‘‘Nautical 
Almanac'' for 1855 ? 


OQn«oted Abooboos, 

Corrected Deolmatious 

bu xn. & 

Altidr • • • X 9 43 40 38 

... 18 31 - 59 ’ 4 J 

Altair • . . 8 2^9 12 N 
. . . • 38 38 57 N 

li xn 8 

BigUt AjEKsensioii of the mean son at mean, noon . . . 184613*81 


Ans. Latitude 55° 16' N, longitude 48° %& W. 


4. Not, 1858, in latitude by account 34° N, longitude 
by acc^t 4^ 15 W, the following observations were taken to 
determine the latitude and longitude by Sumner's method. 

]MnTlmalD«r|7. Cammometer. Observed Altitudes ^ 

A in. h. m. fl. o ^ 

9 35 Am 1 43 10 288 30 

» »OFm 6 37 25 25 42 35 

Index error -f 1' 50", height of the eye 19ft. 

On November and, at noon, the chronometer was fast on G M T 
1 a itfm. 15 a, losing daily 3 s. 

OMcrecied declination for the first observation 43' i 6 S and 
the eqnatioii of time 15 m. 41 • 7 s. miirns on apparent tin^ ’ 

Collected declination for the second ohservation 17° 46' !je''S and 
the equation of time 15 m. 40 * o s. minus on apparent time. ’ 

Sim’s Bemidiamete id' ia"*3. 

Ans. Lat. 34° 28' o" N. 
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IVORY’S METHOD OF DOUBLE ALTITUDES, 

With Riddle’s Modifications. 


Thk ProUem applies only to two altitudes of the same Object and the 
elapsed time between the Observations. 

I. The first thing to be done is to prepare the altitudes and the 
corresponding times as shown by the chronometer for the application 
of the mathematical rules to which they are to be subjected. This 
preparatory work consists in correcting the observed altitudes for the 
index error, dip, refraction, semidiameter, and parallax, and if the 
ship have changed her place between the observations, a correction 
on this account must be applied to the first observation as directed at 
page 156. Take half the sum (S), and half the difference (D) of the 
corrected altitudes. 

And next, the elapsed time, found by taking the difiFerence 
between the times shown by the chronometer, should be reduced to an 
interval of mean solar time by allowing for the rate and divided by 

3. Thirdly, the Greenwich date corresponding to the middle time 
must be found, and with this date the declination and equation of time 
must be taken from the Nautical Almanac.” Find the polar dis- 
tance fP). 

4, Also multiply the diff. in i hour ” both for the declination and 
the equation of time by the half-elapsed mean time in hours^ denoting 
the products by the letters c and e, 

5 Look at the column of equation of time at page 11 . for the month 
in the ‘‘ Nautical Almanac,” and if the equation of time be additive to 
mean Urm and increasing^ or subtractive and decreasing^ add the cor- 
rection e to the half-elapsed mean time found by Rule But if the 
equation of time be additive and decreasing^ or subtractive and m- 
cr easing^ subtract and the result is half the elapsed apparent time ; 
reduce this to arc and call it H.^ 

6. The rules above are preparatory to the logarithmic calculation 
which now commences. Compute A, E, I, O, from these formulae : — 

sin A = sin P. sin H (i) 

cos E cos V, sec (a\ 

sin I = cosec A« cos S sin D . . . (3; 

cos O = cec A. sin S. cos D. seej. . (4) 

and generally latitude = cos I. (?6>s (E — O) « . . . (5) 

^ The dirootxous at (4) aud (5) relate to observations of the sun When a star is 
obRorved, the half-elapsed mean tune found as directed in fi) should be reduced to 
sicUnml time by the tables given m the “ Nautical Almanac for that pui^ose. 
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yih. In tropical latitudes it may happen that 

am lot. ^ eosl. cos {H O) • • • (0 

and therefoi© when the coin|mted latitude diflPers greatly from the lati- 
tude by accuimt* it ehould be computed by both formula (5) and (6), 
anil that wWch is nearest to the latitude by account will be the result 

to lie adopted . -r. • 

B jrreater or lesa than to® according as P is greater or less than 
90^ ; A» I> aod O are le® mm 90®. 

7. The hour angle at the middle time may now be computed. 

ain H' ( = sin hour angle) = sin I. sec lat. 

Tlsb hour angle is ea$e when the second altitude is greater, and weet 
when the altitude is let» than the first 

Convert it into time, and if east subtract it from 0,4 hours, and the 
result is the middle time at the tdacs nearly, and the dijflference between 
lhi« ami the middU Greenwich date will be the longitude in time 
nearly* 

8. Bnt if the sim be observed, both the and 

Vmi wiU lie sUsrhtly erroneous, and should be corrected for the change 
of the «Jti% 1^1^ distance between the times of observation, for 
hitherto the polar distance at the middle time only has been used. 


2b mnymte the eorreetkn of the loOitude. 

Write under each other e (see Rule 4), the hour angle H' (Rule 7) 
and il (Rule 5), and compute the oorrecbon of latitude thus : — 

C = correction = e . smB! , coeec H. 

The correction is additive when the second altitude is the greater and 
the days mcteaswig in length, or when the second altitude is the less 
and the days duttammng in length, otherwise it is subtracdve. 


2V eomjpute tlm (scrreetim of the middk time. 
Compute the correctioiis a and h from these formulse : — 


a ^ C • tan lat, . cat 
5 = c tan dec , . cot H. 


^ ^ taken according as the latitude and declina- 

Inm am of the same or of different denominations, and the result is to 
w mJed to tM ocmputed middle time when the days are mcreaeinq 
M\ Imgth. and std^raeUd when they axe decreaemg. 

In other words, to be added or subtracted according as the polar 
Hmdtm IS demamng or inmamg, ^ 
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jq'oting always that the wori suhtraction is used in its algelrau 
Qse, and that when I is greater than a, ns - J is a negative quan- 
and then subtraction means addition, and addition subtraction, 
the middle time thus corrected, and the Greenwich date at 
middle time, the longitude will be correctly found. 


Example i. 


It is required to compute the latitude and longitude, fi'om the fol- 
low ing observations, taken in the southern hemisphere. 


Groeiiwicli Date, moan, time 


li m s 

1855. March 9tli 20 45 10 
March roih o 30 16 


Observed Altitudes 


IH5 


1 


O / u 

21 30 0 
39 I o 


Inclex error -j- o! 30", and height of the eye 14 feet, the hearing 
of the sun at the time of the first observation NNE, and in the 
interval between the observations the shi|) ran NW b W 6 miles per 

hour. 


Greenwich Date 

Half-elapsed Moan Time 

d ll. TO s 

Maich 9ih 20 45 10 

March loih 0 30 16 

2) 19 21 15 26 

March <)ili 22 37 45 

h m. s 

Match 9 til 20 45 10 

March xotli 0 30 16 

2) 3 45 6 

I 52 33 

Dechmiton, png© II 

Ctorrection 

MaioJx 9tli - . -4 35 SV^ S 

— 22 7*2 

4 13 50*6 

Sonili polar diBlanoG 85 46 9*4 

Diflf m I hour . -58*65" 

Honrs pa si noon 22*63 

Piodnct =22' f 2 
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Equation of Tune, page H 

Correction 

m 8 

March 9th . . * . 10 49 ’ 7 ^ 

-14*58 

+ toApp.T. . . .I0 35'i2 

8 

Bifif. in I honr — * 645 

Honrs past noon 22*6 

8 . 

Product. . .14*58 

C 

e. 

u 

Biff in I hour for de- 1 _ g ^ 
cbnation . . . . / ^ ^ 

Half-elapsed time m hours * 1*9 

Product = c = III 435 

8 . 

Blif in I hour for oq.ua- \ . 

tion of time . . . / 

Half-olapsed time, hours . 1*9 

Product = e = I *2255 


The quantities e and e are the changes in the declination and equa- 
tion of time respectively in half the elapsed time, the quantity e is to 
be added to the half-elapsed mean time i h. 5a m. 33 s. to convert it 
into apparent time, because the equation is mbtractive on mean time 
and decreamg, as may be seen by referring to page II. for the month 
of March in the “ Nautical Almanac.” 


h m s. 

Half-elapsed time . . . i 52 33 

Correction e . . . . . -+*1*2 


Apparent time , . , ,=152342 


In arc the half-polar angle, or H, = 28^ 8' 33" 


The correction to be applied to the first altitude on accoimt; of th^ 
run of the ship between the observations may next be found. Tlie 
angle between the sun’s bearing and the course of the ship is 7 points ; 
= A ; and the distance run in 3* 75 hours is miles, and 

Correction = x cos 7 points == 4' 

to be added to the first altitude, because the angle A is less than 
8 points ; the altitude having been previously corrected, however, in 
the usual manner. 


* The correction found in this maimer is only approximate Bee Appendix (Koto 3), 
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The altitudes being corrected, we have — 


Yixst true altitu<ie 



0 / t ! 

, 

= 

21 47 52 

Second true altitude 

• 

= 

38 42 37 8 

1 Sum of altitudes . 

S 

= 

30 14 51 5 

^ Difference . . . 

D 

= 

8 27 46*3 

Tlie polar distance . 

P 

zz. 

85 46 9-4 

Polar angle . . 

H 


28 8 33 


With the quantities H, P, S, and D, the logarithmic calculation pro- 
ceeds as under : — 


9 673635 H 

0 / it 

28 8 33 







mn 9 998815 P 

85 46 9 

cos 

8*867909 





rni 9 672450 A 

28 3 33 

86 C 

•054304 





E 

85 12 16 

COS 

8*922213 





A 


S 6 C 

054304 

• 

• • 

. , coseo 

•327550 





8 

0 

t a 




mi 

9 702203 

30 

14 51 COS 

9*936442 



cos 

9 995245 

D 

8 

27 46 Bin 

9*167810 



SCO 

•016471 

I 

15 

40 50 Bin 

9*431802 

0 

0 / it 

54 5 43 

cos 

9 768223 





1 E— 0 31 6 33 

cos 

9 932567 





I 

15 40 50 

cos 

9-983529 





Latitude nearly 

55 31 II 

sin 

9 916096 

• 

. , 

. . sec 

•247090 

H', Hour angle at the middle time nearly . , 


28° 30' 59" sm 

9*678892 


The hour angle is east of the meridian because the second altitude is 
the greater, therefore, after converting it into time, it must be sub- 
tracted from 2f4 hours, the result is 2,2 h. 5 m. 56 * 07 s., and is the 
apparent time nearly at the place of the second observation, corre- 
sponding to the middle instant between the observations. The equa- 
tion of time IS then to be applied, to convert it into mean time nearly ^ 
and this will be found to be h 16 m. 31 * 19 s. 
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The little corrections should then bo computed from flu* tl»n*c 
formulse. 

C = c X sin JB' X coseo JBf .1 

a = C X tan latitude x cot II' i 

b - e X tan dmlinatim x ootJS ,1 


1 

2 


c 111*4 3*0469 

H'38° 31'sin 9*6789 

H 28 8 cosec 3265 

112*8 3*0523 

C 52"*8 ~~ 

c 

0 112*8 3*0523 ^ 111*4 4^-1 

Lat550 31' tan *x6jr Doc* 4^^ r iMiiii 

H' 28 3r cot *2649 11^38 H mi 

a 302*2 3*4803 h 15*41 

t > 15 '4 

6 — h 286 8 Diff. because Lai mul Di't** H* 


The quantity a - b must be divided by X K to convert it into or, 
which IS the same, multiplied by a and divided by qo, the riynlt U 
iq-ias. j o j 

In March the sun is advandng northwards, and, thtin-foriN tJi»< 
days are decreasing in length in south latitude. And tlio hOCftinl idtj- 
tude IS greater thm the first. Therefore 0 is to bo sufdmrtrU frofu 
the computed latitude. 

And (a - b) is to be s^traded from the computed Iwitijw* 
the days are deor^adny in length. 


Approximate latitude 

C 

0 / // 

. 55 31 n 
- I 52*8 

Moan tlwKJ (lusnrly) 

Or^b . , 

. 13 If* 11*14 

Latitude * . 

. 55 29 18*2 

Oorrooied time . . 

» 31 lb 






The longitude may now he found. 


Corrected moan dato at place . 
G^reenwioh dato at mKlcUo time 

Difference = longitude m timo 

Therefore the longitude . . 


tl. Ij. nt, I, 

March 9 23 if* 

• « . 9 33 17 41 


j 

_ The omission of the corrections for the clianire of decliriJiHiit. !t. ti • 
instance would make an error of very nearl^ W ! f f “ 

and nearly 5 miles in the longitude.^ 7 miks m the lutifiuj,., 
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Example 3. 

The following are the results of observations made at the magnetic 
observatory of Hobart Town, Van Diemen’s Land, January a7th, 
185a, P.M. : — 


Chronometer Altitudes 

h m s o / /i 

5 22 45*1 ^ 103 16 38 

7 3 23 8 a 68 7 42 

Each altitude being the mean of five, index error + 45^^, and the 
chronometer 39 m. 44* i s. fast on Greenwich mean time. 

From these data it is found that the Greenwich date at the middle 
time was January 2,6th, 17 h. 33 m. 2,0 • ^ s. 

The corrected altitudes are, 

O i // 

51 54 17 I 
34 19 i2‘i 


And lialf thoir snm . 43 6 44 6 . . . S 

And half tlioii diffoionco 8 47 32 5 . . D 

Half llto elapsed apparent tune rodncod to arc is ?2 34 42*6 . . . . H 

The sun’s souUi polar distance 712018 . , . 

The equation of tuno for the G-reenwich dale ahovo 12 m. 54 8 s. + to app.time. 
The ^ange of the declination m the half-elapsed tmao . . . 3i"*78 a 0 

The change of the equation of tune xn tho half-elapsod tune . * *43 75 s = e 


With these quantities the logarithmic calculation proceeds as fol- 
lows ; — 


sin 9*3380158 H 

9 9765446 P 

0 i u 

12 34 43 

71 20 18 

00s 

9*5051217 



sin 9 3145604 A 

IE 54 26*5 

seo 

• 0094470 



E 

70 54 44 

cos 

9-5145687 



A 


seo 

•0094470 

. . , . , cosm 

•6854396 



sin 

cos 

9*8346960 

9*9948661 

rn 0 r It 

S 43 6 44*6 cos 

H 8 47 32*5 

9-8633307 

9*1842838 



seo 

•0751338 

I 32 44 23 

9*7330541 

0 

34 51 

cos 

9*9141429 



E-O 

1 

36 3 33 

32 44 n 

cos 

cos 

9-9076315 

9*9248662 



Latitude . < . 

42 50 32 


9-8324977 

seo 

•1347604 

H', Hour anglo at the middle tune 

. . . . 

31' 35" 

9*8678145 






* 


N 2 




K-ilJTICiX ASTB0HOMY. 


IMI 


Kill «>!Tectioss» 



I^titote aearlj . . 42 50 33 

. . . . + i 48 


Latifeii© . . . . 43 52 30 


Tbe kw ai«k at the imddle time (nearly) H' = 47° 31' 35", and 
ill tiDW 3h. icm. 6*3 s. ; and this is west, for both observations were 
mi^ r.k 


»e«i j 


\mmm% ^ , . * . . 

ikiiiatkai c£ tea© .... 

Mfjm Jaa. lyte 

ihU ^ 26tli 




h 

m. 

B. 

3 

10 

S3 


— 

2*8 


10 

3 5 

+ 

12 

00 

3 

22 

58-3 

17 

33 

30*3 

9 

49 

38 


= 147O 24' 30" E 


Exampi^ fob Exeboise. 


I. If m April 1855, in lat. by account 41° N, long, by 

^i^»| |o^ Wf tbe following oteervations were taken ; required the 


i. wi, 

10 4» 4* 


Ctemooeter. 
lit. SL s. 

I 25 52 
5 li 46 


CHb, Alt O’s lower limb 
o / tt 
53 33 7 
44 39 7*4 


Index error- 4’ 17", height of the eye 31 feet, sun’s bearing at the 
finrt obswrtation S 34° 46' E, ship’s run in the interval NE by E 
7 Buln per hour. 
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On April and, at noon, the chronometer was fast on Greenwich 
mean time 43 m. i ra s , gaimng 6 s. daily. 

(Latitude . 40° 50^ o" N 
(Longitude 30 19 a 5 W 

a. If on May I9tli, 1855, in lat. by account 54° N, long, by account 
141° E, the following observations were taken, required the latitude 
and longitude ? 

M<m Timo nearly. Chronometer Oba Alt 0*8 
^ m to. m s o / /i / // 

2 10 r.M. 2 56 15 46 38 52 Index ©iror — 3 44 

4 0 F.M. 4 - 47 31 32 2 7 Index error — 2 58 

Height of the eye 34 feet, sun’s bearing at the first observation 
S 50® ao' E, ship’s run in the interval NNE f E 8 miles per hour. 

On May lath, at noon, the chronometer was slow on Greenwich 
mean time i h. 53 m. a4 s., and gaining daily 7 s. 

(Latitude . 54° ao' 2,6” N 

(Longitude 140 56 o E 


MemmtB from the Nautical Almanac^' for the questions above. 


No. 

^Date. 

Dec at 
Mean Noon 

mi in 

1 hour. 

Equa T 
Mean Noon 

Diff in 

1 hour 

Semi- 

diameter. 

X 

April 1 3 tlx 

8 5)5 38 9 NT 

+54-3 

m s 

0 37-36 
+ a t 

s 

— -644 

* "0 iT 

15 58-6 

2 

May i8tlx 

0 1 // _- 

19 ag 29 N 

// ^ 

H- 32-85 

m 8 

3 50*64 
— a. t. 

B. 

— ‘ogr 

/ u 

15 50-4 
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Thtt intoral of time between the 'observations as shown by the 
rhr-jmwter i» 5 m. 30 s., and this should be converted in the first place 
into m,m *^hr f<Wby subtracting a proportional part of the gaining 
rate of the chrynometCT. The hourly rate is evidently ^ seconds or 
•i.'j sjwmda, and therefore in i minute -004, and therefore m 
5 ill. jca. it will *032 ^conds; a very small quantity, for the 
inimal is very small ; and subtracting it firom 5 m. 30 s. the result 
ii 310. 39 *981 8. This must now be converted into sidereal time. 


MiM risas. 

Sitereal Tnne. 

m. s. 

m s 

5 ..... 

. 5 0*82 

39 

39*08 

*98 .... . 

-98 

5 

5 30 88 


wmmmmmmmmm 


The tidereal interval is therefore 5 m. 30* 88 s., and this is to he 
added to the right ascenmon of Markah, which is the star first ob- 
MTVed. The tight ascentitm must therefore be now taken from the 
“ Xautical Almmiaa” 



li SL a. 

h DX, s. 

S, A, MmrkfA . 

32 57 51-64 B A.ofAUaif 

19 45 41 * 73 


5 50*88 

CmmdidM A, . 

n 5 3*52 



Firm the corr^ed right ascension of Markah stdbtract the right 
«eenaon of Altair (ntfe oV the remainder is the polar angle in time, 
half this teduo^ to arc is P, smd wil be found to Ire 

P = 34° 55' 6". 

The work then jwoceeds thus : — 



(2,) Sseasitb. iDisiancm 

( 3 ) 

6 # w 

fji J 4 3 S*i 

0 i tt 

* 44 48 54 

0 / // 

P 75 3 4 5 5 - 1 


d $2 ^ 

44 48 54-0 


3)77 34 0 

2 }i 30 23 29*1 

A 7! |ji J9-* 

2 58 47 0 

0 60 ir 44-5 
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Then by the formulae m article (4), 


Half polar angle . , , . P 

0 / ti 

24 55 6 cos 

9*957564 

2 

Polar distance of Markal) . p 
Polar diatanoe of Altair , . p' 

I9*qi?i28 1 

75 34 35 sm 

9 986091 

81 30 43 sm 

9 995217 

Half sum of polar distances . ’A 

78 32 39 ^ 2) 19 896436 1 

Auxiliary angle . . . . B 

62 34 24 sm 

9 948218 

A + B 

141 7 3 sm 

9*797769 

A-B 

15 58 15 sm 

9*439566 


2) 19 237335 

Half (list bot*W. the two stars i D 

24 33 23*5 sin 

9*618667 

Hist, betwooB tho two stars . B 

49 6 47 


Tlie processes described in rule (5) now commence. 

1 Half (list, betw, tlio two stars J B 

0 1 II 

24 33 23*5 


1 Half sum of polai distances . A 

78 32 39*1 


A' 

103 6 2 6 sm 

9 988547 

l\>lar dial, of Altair, sub. . . p' 

8x 30 43 2 


» A-p' 

2r 35 19*4 sm 

9*565779 

Polar diHtan(*o of Marlmb . . p 

75 34 35*1 cosoo 

10 013909 

HmitiiicolKiiwcon Uio stars, . B 

49 6 47 ooseo 

10*121476 


a) 19*689711 


M 45 36 16 COS 9*844855 


kiiw, ilmiwo Btaro^i p 24 33 ^3 5 
I talf ot oiuth diMtaupoB 55 3847,0,0 

,63,20,23,5 BIB 9*951184 

yiifulth of Allair . * 32 45 6 

21'-* «' 30 35 17*5 sm 9*706601 

2Iimlth di«lfmoo of Markab , « 44,48 54 ooseo 10 151922 

1 hBiWHHj Usiwotai tlu) Hiar« ♦ 1) 49 6 47 ooseo lo 12x476 

2) 19*931183 
n 22 30 30 cos 9 965591 


Thv dift^nmeo between M and N is %3° 5' 4^" = Q K rule 6), 
{uwl JU«t, the latitude is to bo computed. 
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a 

0 / /L 

23 5 46 

cos 

9-963716 

2 

Polar distance of Maikab . , . . 

Zemth distance of Markab .... 

• P 
. z 

75 34 35 

44 48 54 

sin 

sm 

19-927432 

9 •986091 
9-848078 

TTfllf mm of polar dist. and zemth dist. 

. 0 

60 II 44 5 


2) 19*761601 

Auxiliary angle 

. D' 

49 27 43 

am 

9 • 880800 


109 39 27*5 
0 - D' 10 44 15 

sm 

sm 

9-973921 

9 * 2 70086 





2) 19*244007 

Half colatitude 

• • 

24 45 31*2 

2 

sm 

9-622003 

Oolatitude . , . . . 

• • 

49 31 2-4 

90 0 0 




• « 

40 28 57*6 




To jind tho Podtim of the Stars at the Time of Ohservatiork 

Find the right ascension of the meridian by adding the mean tiinc^ 
at the place to the mean sun’s right ascension ; and if the right ascen- 
sion of either star he greater than the right ascension of the meri* 
dian, that star is east of the meridian. Moreover, that star is furtlu^nt 
from the meridian whose right ascension differs most from the right 
ascension of the meridian. 

In the example above, the time at the place of observation was 
about loh. 30 m., or half-past 10 at night. 


U. M. 

Therefore iame at place , August 17th ro |0 

Longitade m time 55W 

Greenwich date nearly August 17th 15 

h. tti, 

Mean sun's nght asomsion on August 17th, about 9 44* 

Mean tune at the place nearly , , lo |o 

Eight ascension of mendian nearly % , . , 20 14 

Therefore we have the right ascension of Marhab a 2 57* 

9} Mendian ..... 20 14 

9 9 9 9 Altair ^94$ 


* See sidereal time at mean noon m the “ Nautical Almanac/* 
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From this it is seen that Markab was east and Altair west of the 
meridian. And Markab was furthest from the meridian. 


To find the Longitvde at the Time of taUng the Second Observation. 

We must first find the Greenwich date for either of the observations, 
that of Markab for instance : — 


^ li m- 8 

Tlio olironomoter allowed ...... ..... 4 34 26 

Chroix, &at on. Groenwicli mean time on July 22nd . .... i 2 13 


3 3 ^ 13 

Tlio clnonomotor lias gained since ......... 236 


3 29 37 


From this it is seen that the Greenwich date is— 


August lytb, 15 h. 39 m. 37 s. 

And the reason that it is 15 and not 3 hours is, that the time at 
nhice was about i o h. 25 m. p.m. and the longitude in time 5 h. 5 m. W ; 
and therefore the astronomical date at Greenwich about 15 h. 30 m. 
With this Greenwich date, the right ascension of the mean sun is 

found 


h. m. 8 

E. A. olmmi © at noon Angnst 17 * ; 9 9;i| 

* * * ! I * • • - 4*76 

’ * * ' . . • ‘ 10 


4 wlamion te 


15 h* 
29 m. 
37a 


Mk A* ^ 0 observation . 


9 44 41*84 


All the othdr elemedts for the computation of the lo^tude by ehi^ 
Markab, and die latitucle of the place of obsemtioii. 
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latitude! 

Polar dirtioi(»|? 

0 / /j 

45 II 6 

40 28 58 sec '118843 

75 3 4 3 5 cosec '013909 

2) 161 14 59 


S . . 

S-a ...... . 

80 37 20 cos 
35 26 14 sin 

9*212036 

9*763286 



2) 19*108074 


0 / // 

20 59 7 sin 
2 

9 554037 

]&gi iHrar angle in degrees, &c. , , » 

41 58 14 


,, iniiine 

h m. s. 

2 47 52*93 

• 

W«t hour angle 

ElghtasoenfiaonofMarhab . . , , . 

21 12 7-07 1 

22 57 31-64 / 

sum - 24 hours. 

Bight a®Bnsion of meoridian • . . , « 

Bight aasensOTi of the mean sun . . * 

20 9 38-71 \ 

9 44 41’84 / 

di£f 


10 24 56*87 1 

15 29 37* ; 

difi: 


lOBgitiAman^W, 440 13 = 76° lo' i"-9W 


Example 




h. XDU 

Ocfolwr iglih, 7 46 
Oetobor 19&, 7 59 


Altitudes coxrfected for index errbr. 

O t ti 

Saturn 17 52 41 
Altair S9 25 52 


CteawMi Dates. 

Sidereal IntervaJ. 

Octoteigti . . 7^5” 

fitteroa, mean ana. . 1254-7 

-TO ms 

* 54*15 

.70 

12 56*82 
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B A of Saturn 

Correction 

Dec of Saturn 

Correction. 

h m s 

2 56 44*8 
- 5*7 

2 56 39 I 

s 

“ 7 3 

7*8 

584 

511 

5-694 

* 0 # " - 

14 7 47N 

~ 25-7 

14 7 21 3 

N.PB 75 52 38* 7 p 

tt 

- 3 3 

7*8 

264 

231 

25 74 

B A of Altair 

Correction 

Dec of Altair 

Correction 

h m s 

19 43 34*9 

fl 

- -034 

8 29 ^^6 iH 
NPD. 81 30 54 p' 

it 

— *08 

Altitude of Saturn 

Altitude of Altair. 

0 / it 

17 52 41 

Kof* aud Ear. . . — 255 

17 49 46 

S^SoiiitluliHtanco . 72 10 142; 

0 i n 

39 25 52 

Eefraction ,., — 19 

39 24 43 

Zenitlk distance . . 50 35 1725' 


To find the Polar Angle 


h m B 

B. A. ofRatum 2 56 39'i 

Ruloroiil iiitorval .... add 13 56 8 


3 9 35 ’9 

B.'A. of Altoir .... *«5 19 43 3 4 9 


7 26 10 

60 


4) 446 I o 

Bolox angle 30' ^S " 

Half polar angle 5 5 45 7 5 = ^ 
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A 

z 

c 

0 i it 
p •• 39 

/ . . 81 30 54 

0 / // 

^ 72 10 14 
z' . . 50 35 17 

0 i a 
p . . 75 52 39 
z . . 72 xo 14 

157 n 33 

132 45 31 

148 2 53 

A • . 78 41 46 

Z .. 61 22 46 

0 . , 74 I 26 ! 





Computation of D 

P 

0 / it 

55 45 8 

COS 

9*750333 

2 I 




19*500666 

P, 

75 52 39 

sin 

9*986672 1 

P 

81 30 54 

sin 

9*995220 

A 

78 41 46 

2) 19*482558 

B 

33 26 4S 

sin 

9 741279 

A+B 

112 8 34 

an 

9-966727 

A-B 

45 14 58 

sia 

9-851367 



2) 19 818094 

ID 

54 II 55 

2 

sin 

9*909047 

D 

108 23 50 




Computation of M 


o t it 
i D 54 II 55 
Add A 78 41 46 

A'1325341 ein 9*864870 
Sub j)' 81 30 54 

51 22 47 sin 9*892818 
n 75 52 39 coseo *013328 
B 108 23 50 cjoseo *022784 

2) 19*793800 

M 37 56 16 cos 9 896900 


Computation of N 


Computation of L 


ID 54 II 55 

AddZ 61 22 46 

1 ! 115 34 41 sin 9*955206 
Sub. 50 35 17 

71 — z 645924 sin 9*957240 

z 72 10 14 oosec *021376 

B 108 23 50 coseo *022784 

2) 19 956606 

N SI cos 9 978303 

M 37 56 16 — 

Q 19 5 ^ 38 


Cl 19 58 38 cos 9*973049 

a 

19*946098 

H ? 75 52 39 sin 9*986672 

z 72 10 14 sin 9*978624 

0 74 I 26 2) 19*911394 

I>' 64 33 28 sin 9 955697 

O+D'1383454 sin 9*820564 

0-D 9 27 58 sm 9*216071 

2) 19*036635 

19 15 35 sin 9*518317 

2 — 1,1 

Colat, 38 31 10 

Lat 51° 28' 50'' N 
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To find the Positions of the Observed Stars with respedi to tlm 

Meridian. 


Mer, dist. of star = mean time at pla>ee + B. A. of mean mm — ^'sB.A, 


B. A. of moan sun at noon October 19th 

( 7I1 

Accoleration for < 46 m. . . . • . 

I 57s 


B A. of mean 0 at 7)1. 46 m 57 s. 
Moan time at place of observation 


B. A of meridian 
It A, of Saturn 


Mor. dist. of Saturn, W of meridian 
or E „ 


h. m. s 
13 52 26-39 

I 9*00 

7-56 

•16 


13 

55 43* 

II 

7 

46 57’ 

30 

21 

40 40 

41 

2 

5* 39 

10 

18 

44 I 

•31 

5 

15 58 

69 



B. A, of moan sun at noon October i9tb 

* (7^1 

Aoodoration for \ 

53 s, , . . « • 


B. A. of moan 0 at 7b 52 s. . 
Moan time at place of observation . 


B. A, of meridian 
B. A- of Altair . 


Mor. dist. of Altair, "W of Meridian 


h. m. s 

13 52 39 

I 9*00 

9*69 

•14 


13 

53 

45*22 

7 

59 

52 

21 

53 

37 22 

19 

43 

34-90 

2 

10 

2*32 


Thus it is seen that Saturn was about 5h. east, and Altair about 
ah. west of the meridian. 
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To Compae the Bearings of the Stars. 


To compute tlie bearing of Aifair 

To compute the bearing of Saturn. 

0 / // 

oM. 39 24 43 sec *112044 

lai 51 28 50 sec *205665 

p, (L 81 30 54 

-2) 172 24 27 

S 86 12 13 cos 8*820930 

S— i? 4 41 19 cos 9^ 998545 

2) 19-157184 

0 / 

21 44 9*568592 * 

2 — 

S 43 28 w 

y, 0 / // 

alt 17 49 46 SCO *021376 

lat 51 28 50 sec *205665 

p. d. 75 52 39 

1 ) 145 II 15 

® 72 35 3 7 cos 9*475884 

1 S-p -.3 17 2 cos 9*999286 

2) 19*7022 rr 

0 / 

45 13 9*851105 

S 90 26 E 


represent the horizon; P, the north 

from flip <5 p repr^ent Saturn, rather more th«in 

iL^rer nEWf E § D, or Z SZ D, is its azimuth. 

Ihe other object, Altair, whose hearing is 43^° W, may be repro- 



sent^ by the point y, and its azimuth is S F, or Z S Z F P v n a r> 

Mr 

m fc The angle ^ P » „ th. “Sht"dStcd 

known, and thence the angll P a*”® «ow 

the halvespof iie angles are denote? m the 
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M and N ; and the difference of M and N is half the angle P « Z, 


'^TXX^be triangle P Z * ; Pa., Z and Z P a=Z, being known, 
the colatitude P Z is computed with them. 


Examples foe Exeeoise. 

I. On November 34*, 1855. lat. hy account 40° N, long, by 
account ao° id W, at 8h. 10 m. p.m. mean time at place nearly, 
when a chronometer showed 10 h. 18 m. 44 s., the 
of X Arietis was 63"^ 56' 37", index error 4- 4 ; and at the same 

time the observed altitude of /3 Tauri was 30 28 31 » 

— d 55", height of the eye ai feet ; required the latitude and longi- 

*"^011 November 17th, at noon, the chronometer fast on Greenwich 

mean time 45 m. 16 s , and losing daily 4’ 5 s. 

Ans. Latitude 39° 51 ao .N 
Longitude ao i8 o \\ 

1. On April 15th, 1855, in lat by account 49° S, long, by account 
35° 20' W, the following altitudes of stars were observed ; required 
the latitude and longitude ? 


McanT neaxly 
h m. 

9 o P. M. 
9 20 P, 


Chronometer 
li. m 8 

10 5 53 
10 23 44 


Observed Altitude 


Antares 

Oentaun 


O i it 

22 5 15 

62 31 56 


Index error — 25 ^ 


Chronometer slow on Greenwich mean time on April 8th, at noon, 

ih.i8m.47».,gai«i*g“y«“- 48“ S 

T 


Quantities from the " Nautical Almanac” for these Questions. 


m 

t 

n^kto 

B.A 
m. 0 ut 
Noon 

Date. 

Si 

E A 

Diff 
for to 
Days 

Dec* 

IM. 
for 10 
Days 

Nov 24tb, 

b m. 8, 

16 II 31*0 

Nov 

a Arietis 

/3 Tauri 

h m 8 

I 59 3 80 
$ 17 II 62 

8 . 

4- 0*01 

+ 0-22 

0 / // 

23 46 51 * 4 ^ 

28 28 58 4^ 

n 

+ 0*6 

+ 04 

% 

Apr. 15th 

I n 18 99 

I Apr iitli 

Antares 

jS Omtaun 

16 20 32 41 

13 53 39 81 

+ 0 25 

; +0 15 

26 6 28 9 S 
5f9 40 20 4 S 

+ 07 

+ 30 


0 
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To FMD THK EeEOB OF THE OhBONOMETEE BY EQTJAl ALTITUDES 

OF THE SUH. 

7 ^ « V/m Tim eamtim of emal aWbu^ is a correction for the 

.t ^ 

*• f S“r W tke eb^nomete, 

^^Mrfte^rval, and reduce it from time into -^ian 

j. fS the Greenwich date of the sun’s transit as for a meridia 

out tile declination and ^imtion of time for this date. 
L for the month in the ^Nanlical Alraanaa ) , 

^ ^Multiidy the “difference in one hour” of the dechnation hy^ 
mmiW cJf hoiffs, &C., in the half interval, call this e. 

Complete and B from these fonnulse . 

JL = e? X tm latitude x coseo Jialf^elapsed tinne* 

B z= e tan declination x cot half-elapsed finriie. 


7 A 4- B» when the latitude and decimation are of contrary 
na^and A - B wbai they are of the same name, is the equation 

of eouid altitude’* , ^4? 

8. “ The equation of equal altitudes ” is to be added to the mean ot 
the times shown by a chronometer when the sun had equal altitudes 
«isl and west of the meridian on the same day ; provided the sun s 
pokr ^stance be mcrea^ing ; hut it must be subtracted fr^ the mean 
of Ikw if the sun’s plar distance he decreating. The result is 
tite wMch ^ same diroiiometer diowed at apparent noon. 


q. (a.) Tlie diflfermce between the time so found and xa hours is 
^ tibe OTW of HhB chroimmeter for apparent time at the 
place of oT^mration. 

(J.) Apply the ^nation of time to iz hours, which will give 
the mean Ume at apparmt ruxrn. The difference he- 
tw^i the r^ult and the corrected middle time is the 
OTOr of the chronometer for mean time at the place of 
ol^rvation. 

(e.} Apply the lon^tude in time to the mean tmie at apparent 
nmmy and so find the Greenwieh time. The difference 
li^ween this and the corrected middle time is the error of 
tihe chronometer for Greenwich mean time* 
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Example i. 


Tf .r, AT^rli 6& i8«, in latitude 33° 4 °' S, longitude 153° a' E, 
r^«rd fte e^r ot lie chionomelet at apparent noon? 
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ISqufttioii ot Time 

April Sth • • • -2 

2 41*39 


Correction 


Diff. m I hour 
Hours past uoou 

. • . Correction 


- *735 
13*86 


Add to apparent time^ . 

c = Diff. in I fioar x liours m lialf-ekpsed tune 

— 56-83 X 1-5 = 142- 1 nearly = 0. 


A’==c tan? coseo/i 


B = c. tan dL cot h. 


e 142 * I • • 

lat 52° 40' tan * 
]i 37^46' coseo 


148"* 76 


2*152594 
9 806971 
•212931 

2*172496 


c 142 * I 
dec 6° ii' 
h 37° 46' 


2*152594 

9*03479* 

1*398225 


168" * 63 sum, heoause lat, S and dec. N 


168*63 ^ 11*24 sec. = equation of equal altitudes 


fie tim« by chron. ( = m) because in April the south polar distanoe 


+ to th9 middle tune hy cHron. q = w; oe 
of the sun is increasing. • 

Middle time by chronometer . s 
Equation of equal altitudes , . 

Time hy chronometer at app. noon 


h m 8. 

. 12 I 3-55“^ 

. 1I'24 

. 12 1 i 4"79 


I If the ohronometBr -sfere ngbt for app tune, the ohiono- h. m a 

* I 1 J TlrtA-n 


meter would show at noon .... 
But it shows 

Therefore it rafast for app. time'at place 


12 1 14' 79 
I 14-79 


' — h. Bi, *, 

2. Applying aroequatoi of tiine to “ ° ®,,„ 

Equation of tune ^ ^ 


If right for mwD. time at place, the chronometer would 

show at noon . * 

But it shows a • . . . * 

Therefore the chronometer is slow on mean time at the 
place of observation . . a 


3, Applying the longitude to (A.) 
Longituqe in tune # * • 


The corresponding Greenwich mean time 
Bnt the duonoipeter shows . , 


Chronometer slow on G. M. T. at app. noon 


ti a 4**39 A 
12 X 14*79 

X 36*60 


h m* % 

12 2 41*19 
xo 8 8 

at 54 33*39 

0 I 14*79 

1 S3 x8*fio 
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Therefore the error on apparent time at the place is I m. 14* 79 s. 
fast; on mean time at the place i m. 2^6* 6s. slow ; and on Green- 
wich mean time i h. 53 m. i8* 6 s. slow. 


Second Method. 

I. Let the altitudes be taken in the usual manner, setting the 
index of the sextant so that the successive altitudes may differ by 10 
minutes ; and let the observations extend at least over one de^ee. 

Bv taking the mean of the differences of the times, the time 
in which the altitude changes 10 minutes may be found with great 
accuracy, but if the altitudes are well taken it will be quite sufficient 
to take the difference between the times at the beginning and end of 
one degree of altitude. , 

3. And as 4 minutes of time correspond to 1°, divide this interval 
by 4, and the quotient is the ratio of the change of time to the change 
of altitude. Let this be denoted by A. Or if the change of altitude 
should be half a degree, the interval must be divided by a. 

4. Find the change of the declination in the half-elapsed time, as 
before directed ; reduce it to time ; multiply it by A ; call the pro- 
duct B. 

5. Then the equation of equal altitudes is computed as follows — 

A X cos declination = coseo 8 . 

B X cos 8 = equation of equal altitudes. 

S = the angle between the sun’s zenith distance and his polar 
distance. 

And the equation of equal altitudes is in seconds of time. 

6. The equation of equal latitudes is (generally) additive when the 
polar distance is increasing, and subtractive when the polar distance 
IS decreasing ; and is applied to the middle-time as determined by the 
chronometer. 


Notes on hoth MethodM. 

I. In the tropics, when the sun’s declination exceeds the latitude 
of the observer, and is of the same denomination, the sun’s azimuth at 
his rising first decreases, and, after attaining the minimum value, 
increases ; and again, after he has passed the meridian, his azimuth 
first decreases, and again reaching a minimum value, it increase* 
until he sets. 

a. At the minimum points the azimuth neither increases no 
decreases ; the angle S = 90% and the equation of equal altitude 
vanishes. 
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, Tf tiie oTjservations are taken in the morning before 'the sun 
3. It W n7;muth and in the afternoon, after he has 

attaim of equal altitudes retains its ordinary si^i ; 

St wSrk poA^tance i, increasing, and « wl.cn 
the polau- distance is decreasing. 

A. But if Ihe observations are taken between the points of minimum 
the ordinary rule is reversed, and the equation of ecjual 
SSS is plus the polar distance Is decreasing, and mtnm 

wlto it is increasing. 

K The first method of computing the equation of equal altitudes 
di^iguishes the different cases by the relative values of the two 

iFifltrfa A axsd B. _ . 

^A m always greater than B in the temperate zones, and the common 

rule holds good. -• i 1 x* 

In the tropics when A equals B it indicates that the observatiOTS 

were takeifat the times when the sun was at his minimum azimuth ; 
and when B is greater than A, the ohservations are taken between 
the points of minimum azimuth, and the rule is reversed. 


6. If the ^cond method of computing the equation of equal alti* 
tud^ is used, the critical cases in the tropics must be watched by 
oteerring the changes of the sun’s bearing when the altitudes are 
taken. 

If in the morning the azimuth decreases, and in the afternoon 
increases, the ordinary rule holds good, but if the reverse is observed, 
the rule mi^ be reversed ; and the equation will be additive wbcui 
thj polar distance is decreasing, and subtractive when the polar dis- 
tance is increasing. 


7. The equation of equal altitudes under these circumstances will 
g^orally be very small. In the first method both A and B will l)e 
Miali aM of wntrary signs ; and in using the second method S will 
l» i»ffiy a right angle. 


Mmmph . — On March i8th, 1858, at Gorden Island, Sydney^ in 
teitade 33® 51' Sy longitude 151^® E, the following ohservations were 
taken, to find tihe error of the chronometer : — 




r.M. 

kB. B. 

I* 17 t 
|8 14*7 

n 

40 40*4 

0 4 

90 0 

20 

40 

91 0 

h. m s. 

16 55 43 

54 59*5 

53 54*5 

$2 50*4 

j8m. 44 -j 5 'B.' 


xS K 54 m. 6 *6s. 
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While the double altitude changed i°, or the altitude half a degree, 
the time changed qm. ii’4s. = 3'i9*- 

And, dividing this by a, because a minutes correspond to i°, we 
have A = I • 593- 

Decimation, at noon i° 6' 41" ‘ i S. . . . Difference in i horn = 5 9 • 29 

Half the interval . . 2h 7 m 41-18 =2-128 honrs. 

Hence the change of declination in the half-elapsed time = 8'ia6s., 

and I 595 X 8-ia6s. = ia-96s. = B. 


A X Cos dec = Coseo S 

B X Cos S *=* e. 

A . , 1*595 • • 0*202761 

Deo . 1° 7 Cos. 9 ‘999918 

S 38*^ 50' . Ooseo 10*202679 • 

B . . 12*965 . 1*112605 

838^50' . . Cos 9*891523 

6 = 10*15 . . , 1*004128 


And the equation of equal altitudes is flus, because the polar 
distance is increasing. 

h m B 

A.M. . . . 12 38 44 35 
P.M. . . . 16 54 6-60 


2) 29 32 50-95 


14 46 25-47 
4- lo’io 


14 46 35 ‘57 

And therefore the chronometer is fast on apparent tixae 
3 h. 46 m. 35-57 8. at the place of observation. 

In each of the following examples the equation of equal altitudes is 
required : — 


Ko. 

Date, 1855. 

Interval 

I^atttnde. 

liongitiide 

Equation of 
equal AltltudLesL 

1 

2 

3 

4 

5 

6 

So|>t. ist . . 

Mardti stli . . 
Kov. 27th . . 
April 25111 . • 

Sept 4 tii • • 

Sept. 9t)i . . 

h. m 8 

7 46 35 

8 29 28 

3 45 4 

4 58 41 

7 15 ’I 

5 44 26 

46 5 °i^ 

38 34 N 

23 4 N 

16 0 S 

24 30 S 

61 26 N 

0 « 

19 E 

III W 

55 w 
152 E 

87 W 

29 W 

8 

+ i 6-3 

- 15 5 - 

4 5-6 1 

+ 6-4. 1 

- 87 [ 

+ 28-1 1 


Sun’s declination from the “ Nautical Almanac,” for these exercises 
is as follows : — 
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, *M)-‘ II Necm. 


|t« 4 AiW»t . 
f l/i 

i*ik 35 ^i.walfcf' 
? 4 ^ A|^ 

♦1% 


, 8 ib i8’3 N 

* 6 8 57*7 ® 

.21 5 52 9 S 
, 12 48 11*2 N 
, / la 49 N 
. 5 26 46*5 N 


Piff m I lioTir- 


- 54*18 

- 57*95 
+ 27*20 
+ 49 ‘28 

- 55 ‘47 

- 56-78 


lir ptin-l the Error of the Chrommeter at Noon. 

I. itoalumt 2Sth, 1855, in latitude 13° 9' S, and longitude 145° E, 
0 m alliliiaes A.H. and p.m., when the chronometer 

J— 

AM, FM. 

& m, ifc h m s 

f 52 IS 2 I 56 

rw|^iw4 tJHW of the chronometer for mean and apparent time 
#1 Am Slow for app. time, 5 ^ m. 55 s. ; 

Slow for mean time, 4 m. 59 • 9 s. 

AA **"*Ti‘f* cieclination on June ^4th, at apparent noon, 
-8 K Di£ in 1 hour - f-oy, 

IV of tiii» at apparent noon (add to apparent time) 

t i&M 57*3 ^ ^ ® ^ hour 4- '53^ s. 

s* If J^th, 1 855, in latitude 14° 40' S, longitude 145^ ^^3' E, 

IV 44m h 4 Ml eqi^ altitudes a.m. and p.m., when the chronometer 


AM, 
h m, % 
f 41 40-1 


lu m s. 

II 46 ib *6 


Ana. Slow for apparent time, i h. 15 m. 59 s. 
Slow for mean time, i h. m. 7-88. 

I>Xb‘ 7 Si f 11 th, at app. noon, 17° 48' 27". 6 N. 

am. 50 - 1 s. 

dtitudes at the fol- 
I, J ® ^he chronometer 


*‘i2r.s;TA-T^.x^5»^ 
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OEROJuoxEirm 

AM 

PM 

h m B 

li m s 

9 55 35-5 

15 23 13 7 

56 18 5 

22 22 5 

57 10 

21 28 5 

58 4 

20 36*7 

58 56-7 

19 42 5 


Note. — Sun's declination on Oci yth, at app. noon, 5° J[5”*9 S. 

Diff. in I hour + 57 ^^" 50. 

Equation of time at app. noon» (^. from app. time), m. i * 90 s. 
Diff. in 1 hour — 0*7038. 

Ans. Fast for app. time, 39 m. 11 s. 
Fast for mean time, 51m. r%4* 6 s. 


To FIND THE EeEOE OF TflE OltEONOMl^TEE BY EQUAL ALTITUDES 

OF A Fixed Stab. 

* 

T. Take liho mean between the times shown by the chronometer 
'when the star has equal altitudes cast and west of tho muridian ; and 
thus will bo found the time by the chronometer when tho star passes 
tho meridian. 

a. Compute tho time of tho star’s meridian passage as directed at 
page 109. 

3. And tho differonco between the time by chronometer found by 
rule I and tho correct time found by rule a is tho error of the ozono- 
meter. 


Exampib. 

If on Juno 10th, 1853, in latitude 40° 10' N, and longitude 
30° 40' W, equal altitudes of Alttur were taken when the chronometer 
showed as uudermontionwl ; required tho error for moan time at the 
ulace of observation whon tho star passed tho meridian ? 



CIUron.Tlmo. 

Altcdr oait of morUliau . « * 

i} WfWt* ff « • « 

lu 10. Bp 

; ; ; ; * ** ^.5 


2) 9 8 29*6 

Timo by oliion. of 0tar*v tmudt 

• • • * 4 34 14*® 
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•To TOff» THE Thee op the Sue's Teanset 


B. A. on June lofii 
0 %ILA. Jtme lath. 

placenearlj . • 
L«gltwl6 In ttn© . . * 


h xn s 
19 45 44 
5 13 6 


. . June roth. 14 30 38 
. . . . 4* 2 2 40 W 


iiearly. June lotli 16 33 i? 


Mean Sun’s It. A, more accurately 


Mewi sun^s B. June lofii 
( 16I1. . 

Acoetemtitm. Sit <33111. . 

( i8a 

3 fam sun’s E. A corrected. 


2i m. s. 

5 13 6 •16 

2 37*70 

5*42 



5 15 49*33 


Error of the Chronometer. 


AIWsB-A. 19 Tj A I? 

MeeieO'eS.A. 5i5«-3l 

Coreefed date of place . June roth 14 27 54*82 
the chronometer diould shew . 2 2 7 54* 82 

4 54 14*80 

Error d chrcHiometer fox mean tune at ) 
place, wbenihe star pa^ the meridian / ^ 6 19*98 feat 


tTo mmmrM mi Aebitube of a Celestial Object. 

is made are the co* 

lie <ii8timce, and the meridian distance of 

ir ^ t 

And lie «d« fe 

I* Fi^ tie date. 
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%. Take out the declination of tke sun and the equation of time, 
or the right ascension and declination of the moon or star, 
and the right ascension of the mean sun* 

3* Find the meridian distance or hour angle =? h. 

4* Find half the sum of the polar distance and colatitude. 

^ {polar distance 4- colat') = A, 

rj. Compute the angle B from this formula — 

Mn J 5 = V" [sin polar dist x sin colat x cos ^ ^ hour Z } 

6, Compute half the zenith distance. 

Sin -I zenith dist = V [sin (A -j- -S) • — -S)*} 


Uxample i. — Find the altitude of the sun on April i8th, 1855, at 
9 k m. A.M., at a place in latitude 18' S, longitude 51^ 2^8' E. 


Qrwnwlch Bate. 

Longitude 

d li m. 8 

. . . 0* 

1B55. April , , . 17 21 25 O’ 

. . 51 28E 

Longltudo in tinao • 3 ^ 55 ^ 

1 205* 52. 

1H55, April . . . 17 17 59 8 

. 3I1. 25 m 52 s. 

• 

. 


Correction 


+> ^ 2 *$S 

April 17th .... 

18 

42144 

10 38 24*3 

5268 

South polar distance . too 38 24“ 3 

948 • 24 


15' 48"* 2 


Oorfection. 

m. 8. 



+ ■5848. 

18 

0 33‘93 

4672 

564 


:f 10*^12 
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Hsiir 

h. m. s. 

Mmm Tiii» , . • » 35 o 

. . . • • + 032*9 

Am . . . • ^5 32^9 

i^lwQEra®^© . • 23427-1 

4 ) 154 27 6 
. . * * 56 ' 46 " 

• * 19 18 23 


SmB®=;y/ {sinjp sin Z'cos*^^ } 
IKniZuD*^ {8m(A+B)sinCA-B) } 



A=4 (co-lat + polar distance) 

liatitude < • • • 26 18 o S 

Oolatitude . . - . 63 42 o = 2 ' 

^uth polar distance . 100 38 24 =p 

164 20 24 

A=: 82 10 12 


Algenib, on Oct. 26th, 

" 3 ^ 10 m. 24s. A.H, mean time, in latitiiHp ArP j' xr «», i 
fa#te4e 32“ 18' W? latitude 40 24 N, and 
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h. m s 
. o 5 4 - 9*20 


14 22 5^*6N 

ITortli polar distance 75 37 o*4 


Bight Ascension of Mean 0 


Sidereal time at mean noon, Octolier 25 tk 

i7h. . , . . . 

Acceleration for • 19 m. . . , . . 

36 s 


Eight Ascension of mean O 


h m s 

14 13 i4*3x 
3 47*56 
3*12 
•10 

14 16 5*09 


Hour L »= Mean Time 4 - R A Mean Q — * *s R A 


Moan time at place 

Mean sun’s right ascension .... 

Eight ascension of meridian .... 
Eight ascension of Algonih .... 

■Westerly meridian distance .... 

The same rednood to arc . . . . 

Half hour angle 


h m s, 

15 10 24 
14 16 5 *09 


5 

26 29*09 

0 

5 49*20 

5 

20 39*89 

80? 9' 58" 

40 

4 59 


To Compute the True Altituda 


I^atitnde , , 40 34 o K 

Ookt , * 49 36 
Foliir clistooe 75 37 o 

2) us ^3 0 

A . • . . 63 36 30 


1 Hour L 
N F.D. 
Oolat, , 

0 i U 

. 40 4 59 3 

. IS 11 ^ 

. 49 36 0 

COS 

sin 

sm 

19-767450 

9 *986169 
9*881692 

A . 

. 62 36 30 


2) 19-635311 

B . 

. 41 4 55 

sin 

9-817655 

A+B . 
A~B . 

. 10} 41 35 
. 31 31 35 

sin 

sin 

9-987483 

9-564586 


, 


2) 19*552069 


3 $ 39 40 

sin 

9 776034 


toith dletanoo 
True altitude. 


75 19 20 
16 40 40 




HAUTICAL ASTEONOMT. 


Mcmmple 3. — Required the true altitude of the moon on Novembt^r 
i7th 180, at <;h. i6m. 44s. A-M. mean time at place of observa- 
tion, ’latitude 38° 58' 30" N, longitude 175° 16' 40" E ? 


Greenwich Date 

Longitude In Time 

h. m a 

JiovOTabfflr i 61 ii • • . 17 16 44 

LcHgitndeB . . . ir 41 6*7 

Nov6mba:i6tIi. . , 5 35 37*3 

175° 16' 40" B 

II h. 41 m. 6 s. 40 th. 

J)'s jDedinafion. 

Correction 

Ota 

I^dinatai at 5 k . 0 36 23*4 N 
.... —8 44*5 

0 27 38*9 N 

North polar distance . 89 32 21*1 

Diffiniom. . , . — 147*25 

Minutes 55*62 

•^Product 524*5 

Correction . , . — 8 ’ 44'^ *5 

R^t Asceiision. 

Correction. 

iu m. s 

E, A. at 5 h. . . . 1232 9 14 
Oorrecticai .... » i 8*64 

B. A. . . . , . 12 33 17^78 

a 

Diff in I hour . . . -f 115*61 
„ irmn. . . . 

Minutes 35*62 

Product. . . . + im. 8'C4A 


Mean Sun^s Right Ascension 


Bidc^real tune at mean noon, Nov. i6t]i , 15 40 55 *57 

A^scfdeaation for | 35 m. . ] [ * * 

(373s.. . ! 1 ! -io 

Mean gem’s ngM ascension 41 50* 70 


HnurA- Mean Time + Mean O’bR A - ])*8B4l| 


Mean time at place 

^ A* of BMindiaa • 
A. of the moon , 


Half hour aa^e • . . ' ' * 


h m s 
17 16 44 
15 41 50-7 

32 58 34-7 

1233 I 7-8 

30 25 16-9 
3„34 43 • I 
53°40' 46" 
36 50 23 
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To Compute tlie True Altitude. 



Latitude . 3*^ 58 30 N 

__ 0 1 ti 

J Hour L . 26 50 23 2 

cos 

19-900994 

Polar distance 89 32 21 

sin 

9-999986 

Oo-lat . . 51 I 30 

Oo-latitude 51 i 30 

sin 

9-890656 

Polar dist. . 89 32 21 




A . . 70 16 55 


2) 19*761636 

2) 140 33 51 



9*895818 

A . . . . 70 55 

B . . 51 52 47 

sm 

A+B . . 122 9 42 

Bin 

9-927653 


A — B • « i8 24 ^ 

sin 

9-499255 

2) 19*426908 

Zomth distance 

True altitude , 

31 7 42 

2 

62 15 24 

27 44 36 

sin 

9*713454 


Examples foe Exeecise. 


I. January a4th, 1854, at 2 h. 33m. 14s. p.m. mean time at plaee, 
lat. 49” 30' S, long. 111° 10' W ; required the true altitude oi the 

Bun’s centre? 

Dtwllnatioa at moan noon S 19° 45 "‘3. diff- for r hour — 36" 

Kiiuationoftlma „ - 12 m. M-33 s. » + 

Ans. 48° 38' 8”. 


3. October 17th, 1854, at 9h. 38 m. 15 s. 
lat 66^ 1%' S, long. 114° 00^ E; required the true altitude 01 tc 

Hun’s centre? 


56 , 

the 


Diioliimdon at mean noon S 52' 32"* 6, 
Equation of itmo »» 4 14m. 20 •02s, 


diff. for I hour + 55"-i8 

„ +*5tos* 


Ans. 52^8° 16' 


3 Julyaotli, 1834, at iih. 29 m. 30 s. p m. mean time at place, 
lat? 10® ^x8' N, long. 48° 27' W ; reqmred the true altitude of 

Marcab ? 

*’« aoolinatton on tho 20th. K 14° ^5’ 

SSi^^o“Sh^h.'57'>^! 3“'-o9 i ^ for xo days + • 23 s.^ 

Ans. 37° 43' 24"* 
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4. November 8tb, 18^, i h. 57 m. 10 s. A.M. mean time at j»Inw, 
lat a8° 50' S) long. 1 14° la' E ; required the true altitude of Siriiw ? 

detslmafeon on the 7tli, S 16° 30' 58" 5, diff. for 10 days + 

Vs right ascension „ 6h 38 m 45*208., „ 4 * *370* 

Side^ iame at mean noon 13 h. 5 m. 26 *5 7 s. 

Ans. 64® 54' 58". 

5. July i6di, 1854, at i h. 58 m. aos. A.M. moan time at pln«‘<', 
lat 14° 50' S, long. 1 15° ao' W j requmed the true altitude of the 
moon’s centre ? 

J)'b decimation at 21 hours N 2° 53' 30" *4, diff for 10 in. ■+• t4A"*6j 
5*s right ascension „ i h 3 m. 26 5 3 s., chfforonoo for 1 hour 
4 - im. 5 ys 9 s 

Sdereal time at mean noon 7 hu 32 m. 2 • 77 s. 


Ans. 54” 50' 40". 

6. August ayth, 1854, at 5h 571a 12 s. p.m. mean time at nliiw, 
lat ay la N, long. 54° 13' E j required the true altitudo of tho 
moons centre? 

Vs dedinatum at 3 hours S 4° 25' 28" c, ddf for 10 m. + f4j"'07 
5s right aasenaon „ 13 h. im 44’ 91 s., ditferotwo for i l«*ur 

4 im. 56*49 s 

Siderealtime'at mean noon 10 h. 21 m. 34*68 s. * 


Ans. 35° 6' aH”. 


To COMPUTE THE AppaeeNT AiTITUDE OP A irBAVENI.Y JkJllY 
WHEN- THE TbDE AlTITUDB IS KNOWN. 

u lue mie is aeduced from tho apparent 

^ (T«l.l0 IV.) 

’■ jf «» «'«- 

table a secondfame wiM <?nh>r tim 

refraction which is taken out to 

"Hnx* the piiMllai h rt*"?!?' ‘“.TiWe X., 

. t^-AMthe™*.,^ ""“'from the true altitude. 
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(4.) For the moon. — i. Find her horizontal parallax, and then 
compute her parallax m altitude, first with the true altitude 
from this equation. 

C08 true alt. x hor. far. = ^ar. in alt. {nearly). ~ 

Subtract this parallax from the altitude, and re-compute the 
parallax in altitude ; 

Cos corrected alt. x Tior. par. = par. in alt. 

The parallax in altitude thus found must now he mUraeted 
from the true altitude. 

% With the remainder take out the refraction as above directed 
and add it to the corrected altitude, the result is the appa- 
rent altitude. 


When the object of the computation of the true and apparent altitudes is to reduce 
the inoaBmed lunar distance to the true lunar distance, or that which would be 
niGamnod by an obsoivor at the earth’s centre, there should in strictness be applied 
another corioction for the sphoioidal form of the earth !For the computation of thm 
oorK'otion, which is geneiaUy neglected in nautical practice, the following short 
summary of rules will suftice — 

1. Compute the azimuth. 

2. Y'md the correction of the zenith distances or altitudes fixim this formula 

Angle of mi ticdl X cos azimuth = correchm. 

The angle of tlio voitical will he found in Table XJI. 

3. Subtract the correction, when the azimuth exceeds 90°, from the true altitude 

previous to its collection foi parallax, &o, &c,.but add the correction 
when the azimuth is less than 90°. And the result is the reduced altitude. 


To Cleab a Lunar Distance prom the Effects of Parallax 

and Eefeaction. 

X. Write under each other in order, the apparent altitude (s) of 
the sun or star, the apparent altitude (m) of the moon, and the ap^- 
rent distance (d), divide their sum by a, and from ttie half sum (X) 
subtract the apparent distance, call the remainder (X - d). 

%. Under (X - d) write the true altitude (S) of the sun or star, 

and the true altitude (M) of the moon. i, a 

Also take half the sum of M and S, and mark it A. 



XATmCAI. ASTBONOMT. 

t ( B fnm th» fonnnk :— 

It, ,^>Hrm.*ee,.eo,X.cosiX-d). oos Mcos >?}. 

4 . nr-'Kg B «Kit aoder A. and taie their sum and difference. 
. ( the tree distance from tha formula :- 
m \ tfm iut = 7 {«» (-^ + ~ 

I. -Given the quantities as under, it is required to com- 

j-at.* litr tnw! dWtance. 

aV»Slt^ App»«ntWst<moeO- t 

01 * p ! ti 

- U *V o 18 19 30 

5 14 15 34 


i> n n 
I* ai at 


n m i/ {mc m m * e» X » CM C.Z ^ eoi m: CM S} 

Jt ml { M 4,^ m 9» i » { cat (4 + 5 ) .OM ( 4 - 5 )} 




1 *i*ft 5 - 0 . ^ 


)4K» • • 


TriB * 1 3 • • 

3**' 14' 54*"; i«Ba 


s 18 22 13 sec *022716 

. m 13 21 21 sec *011907 
. (2 61 19 49 





3) 93 3 33 




. , . X 

46 51 41 

cos 

rj • • « 

. . 

. X-d- 

14 48 8 

cos 

w 

!* # • 


. . s 

18 19 30 

cos 

• • 

• • 

. . . m: 

14 15 34 

cos 


.A 16 17 27 


2) 19 821366 


B 54 29 58 sin 9 910683 


I . * 


A + B 704725 cos 9"5I7232 
A — B— 381231 cos 9*895292 

2) 19*412524 

• 30 33 42*2 sm 9*706261 

2 ■! ■ l■■^ — 

. D 61 7 24*4 


A of tnyublo may he saved in the calculation hy the fol- 

meda)4 

I. Tilfce away ^ mmxSs fromihe apparent altitudes, deducting 
U tm mm um U mmy teeoiMte from each of the true altitudes. 




NAUTlOAIi ASTEONOMY. 

%, Take away the seconds from the apparent distance, if the sum 
of the nnniites, after adding up the apparent altitudes and appar^t 
distance, will then be an even number ; or make that sum^ even hy 
dddhig as many seconds as the distance wants of the next minute. 

3. Then proceed with the logarithms as before directed. 

4 Be careful to correct the computed distance by adding as many 
seconds as were Tcjcctcd^ or by subtTacting as many seconds as were 
added to the apparent distance. 

The example which follows is the same as that which is given above, 
and it will be seen that 13'' have been subtracted from the apparent 
and true altitudes of the sun, and from the apparent and true 
altitudes of the moon ; and that 49" have been rejected from the appa- 
rent distance, and added again to the computed distance. 

The seconds are thus avoided in a considerable portion of the cal- 
culation. 



; Agreeing with the former calculation, within a few loths of a 

{ «<”"'*• p 2 
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nautical astbonomt. 


Emnfh a.— Given the quantities undermentioned to compute the 
frtiB distance of the sun and moon. 


Altitodes. 
o t *• 

O 22 58 0 5 
]) 36 44 o m 


True Altitudes, 

O / 

o 32 55 54 s 
5 37 26 57 M 


Apparent Distance. 

0 t it 

102 40 o 


/fftn sr V{ 5 ec m sec s cos A cos (X — cos ifcos»S'|- 
A = i 4 >?) , si?t i J) {cos (A + B') cos (A - i?) ]■ 


Apparent 

alt of 

0 . . . 

D . . • 

• • 

. 8 
. m 

22 

36 

58 

44 

0 

0 

soo 

860 

•035867 

•096x56 

» 

dist. 

0-5 • 

• ‘ 

. d 

102 

40 

0 







2) 

162 

22 

0 



1 gmn . 




. X 

81 

XX 

0 

COS 

9*185466 

1 sum — 

dist. 

. ... 

. .X 

- d 

- 2r 

29 

0 

COS 

9*968728 

Troe alt < 

of 0 

.... 


. 8 

22 

,55 

54 

COS 

9*964346 

w 

D 

.... 

• • 

, M 

37 

26 

57 

cos 

9*899763 

Sum 60° 

22 ' 5 r" 

.... 

. ^ sum A 

30 

II 

25 

2) 

19* 150205 





B 

22 

4 

54 

sin 

9 - 57 jioa 




A 

+ B 

52 

16 

19 

cos 

9*786691 




A 

- B 

8 

6 

31 

cos 

9*995637 









2) 

19*783338 

1 <llslance 

. . • . 

• • 

• • 

5 r 

6 

29 

2 

sin 

9*89X164 

Trae distance , 

• * • 

• • 

. D 

102 

12 

Ib 




^ c^in®dng mth the true altitudes and true distances* and 
WBteg tte apparent altitudes where the true altitudes now stand in 

enable us to compute the apparent 
teance haA agam, and ^ verify the work. 

Adding 6^ to S and and to m and M and tn Ti 

«38« again at the end, the tabulation stands to * D to l«3 
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0 / 




Trae altitude of 0 . . . - 

• 

S 

22 56 

0 

sec 

•035760 

w »» D . . . 

• 

M 

37 V 

0 

sec 

• 100243 

distance J) ■— O » • 

• 

D 

102 15 

0 





2) 162 36 

0 





X 

81 18 

0 

cos 

9-179726 


D 

-X 

20 55 

0 

cos 

9 970394 



8 

22 58 

6 

cos 

9 964128 



m 

36 44 

5 

cos 

9 903859 

Sum. 5 9° 4^' 9" . ... 

• • 

. A 

29 51 

4*5 

cos 

2)19-154110 

- 


B 

22 IT 

10 8 

sin 

9 577055 


A4 B 

52 2 

15*3 

cos 

9-788977 


A 

- B 

7 39 53*7 

cos 

9*996102 






2) 19-783079 1 




51 20 

1*8 

2 

sin 

9’ 892539 




102 40 

3*6 



1 Deduct for tlio 2'' which wore added 

• • 


2 



Apparent distance . . . 

• • 

. D 

102 40 





Examples eoe Practice. 


No. 1 

Apparent Altitudes 


True Altitudes 

Appareni 

Ceutral Disimce. 

X. 

m 

8 

0 / 

51 37 4 « 

27 3 + 51 


K 

S 

0 4 ti 

52 13 20 8 

27 33 10 

True distance 

d 

..D 

0 t 44 

53 39 24-2 

53 40 52'8 

2 . 

m 

s 

51 28 56 

59 18 45 


It 

S 

52 18 33 

59 16 45 ' 

Tnie distance 

d 

. B 

32 13 25 

31 44 37‘4 

3 - 

m 

8 

53 31 17 

62 12 24 


M 

S 

54 38 20 

62 9 51 

True Stance 

..B 

43 31 30 

41 34 32 

4 * 

m 

s 

58 27 16 

48 15 38 


M 

S 

59 20 19 

48 10 29 

True distance 

A 

..B 

1 57 34 

56 52 20*6 

5 * 

m 

a 

22 56 18 

39 21 23 


M 

S 

23 51 27 

39 18 51 

True distance 

d 

..D 

88 21 13 

87 45 9 & 

6 . 

m 

a 

12 36 21 
32 17 51 


M 

S 

13 29 50 

32 15 49 

Tine distance 

.D 

90 20 35 

89 51 47 
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ITAtJTIOAL ASTKONOMY. 


To Find the Gbeenwich Date coeresponding to a givek 
TEUE Lunae Distance. 


iRvia Tnmr disfcaticcs are fflven in tlie Nautica*! Almanac, for 

Vp!k:‘ XV, to, and 30 on for ovcrj IW 

toPSi; dk, on’ which 1. b poscbl. » |VSr.f ovc y 

taW^ containing these distances form pages XIII. to XV 111. ot every 

month in the ‘^STautical Almanac.’’ 


I. The day of the month of the Greenwich date being known ; 
enter the table of lunar distances, and note the two distenecB, 
between which the given one lies, in other words, the two 
consecutive distances, the one of which is greater, and the 
other less, than the given one. 


3. Take out that one which corresponds to the earlier hour, 
together with the proportional logarithm, which stands in 
the column to the right of it. 

3. Write the given distance below that y^hich is taken from tho 
Almanac,” and take the difference. 


4. Take from Table XV. the proportional logarithm of this 
difference, which write under the prop. log. found in tlin 
^ Xautical Almanac take the difference of these logs., and 
find m Table XV. the corresponding time. 


5. Add the time found by Rule 4 to the hours corresponding to 
the lunar distance, which is taken from the ^‘Nautical 
Almanac,” and after writing the day of the month beforo 
this computed time, the result is the Greenwich date (on 
the supposidoa that the distances change uniformly). 


Example i. 

% tlie “ Nautical Almanac” for 1855, page 197, XVI. for tim 
of O^W, It IS seen that on October 17 th, the ster 
Was w of the moon, and its distance from the moon m 


:sm^t 

P-L ofDiff 

XVh 

P L oflHir. 

0 * # 

37 48 32 

2432 

0 i it 

39 31 21 

242 r 
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Required the Greenwich date when the distance is 38° 45^ 16"? 


At rmdmglit on Oct t7th, the dist is , 
And the given distance is 

48 32 p. li 2432 
. 38 45 16 

Difference ... 

. . . 56 44 I*. L. 5014 


li m 8 - 

Time corres to the dist. taken from the ‘ 

I 39 19 ‘ . 2582 

‘Nant Almanac” 12 0 0 

Gioonwich. date nearly Oct 1 7th . . 

13 39 19 




This is further to be corrected for the want of uniformity in the 
change of the distances, and for this purpose a table is given in the 
Nautical Almanac,” entitled, Correction for Second Differences of 
Lunar Distances ” 

Take the difference between the proportional logarithm which follows 
the distance taken out of the “ Nautical Almanac” and that following 
the next distance, and with this difference and the approximate 
interval, i h. 39 m. 19 s , which has been found by Table XV., enter 
the table above mentioned, and take out the correction^ adding it to 
the Greenwich date nearly, when the proportional logarithms are de- 
creasing, and subtracting it from that date if the proportional logar 
rithms are increasing. 

In the above example, 

XI16 proportions! log follo^ffing the dist at midnight is 243s 

xin.. . . 2421 

Difference (mimis) ... - 21 

Whence the correction is found to be 3 s. and, therefore, the 
corrected date is Oct. 17th, 13 h. 39™* 


Example %. 

From the “ Nautical Almanac ’"for 1856. 

The sun’s distances from the moon on December 4th, 1856, were 
as under, at VD. and IX**. Greenwich mean time. 


VRi 

p L ofDiff 

IXh 

P L ofDiff 

0 /, " 

84 58 3t 



2749 

0 / 

86 34 6 

3737 
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Bequired the Greenwich date when the distance is 85® 30' 54" ? 


At YP. on Deo. 4tli, the distance 

Oiten distence .... 

. . . . • . . 

Tinie otot ihe distance taken from “ Nautical Almanac ” . 


Or^nwich date nearly ....... Doc 4th 

Ckwection 

Cre«imdi date Doc. 4th 


84 58 /i R D, 3749 

85 30 54 


22 33 IMi. 

9^3 3 

h m $ 

mmmmmmm 

0 42 9 . • 

600 

6 104 

642 9 
+ 3 


6 42 12 



To rum THE Altitudes when a Lunar Distance is takkn^ 

FROM AumUDm BEFORE AND AFTER TAKING THE DISTANCE^ 

If, in taking lunars, there be only one observer, let him take the 
altitude of each object both before and after taking the 
noting by his watch the time of each observation. 

^ Tten to find the altitude of either object at the time of taking tbo 
distance, the altitudes be considered as changing uniformly tlitring 
the short intervals between the observations, we shall have these etnial 
radicB: — 

0/ hefween the aUi tudea. ^ 0 = cJmngs of aUf in int» A 
B = Ini of Ume Ukoem 1 st alt andjtst. ■“ D = mreetdon of tim Jir$i t$lt* 

Whence D = correction sought = 


K nj. 8 

^ 4 10 10 by watch, the moon’s altitude was 
At 4 15 39 ,, ^ between O wad ]) 

4 *9 40 . (he moon’s altitude waa 


O I # 

34 t 2 10 
Bo 34 ao 
34 $0 30 


— 34 30 30 

mooDs altitude at4h. 15 m. 39 s., when the (lisfaiic 

moon’s the ohsorvatioiis of th 

^Andlfe time th^firsi altitude and the distniH- 
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The change of altitude 38' 2,0" = 3300" = C. 


D = 3^9 X ^30° =ia87"=ai' a;" 

370 


And this correction added to the first altitude, because the altitude of 
the moon is increasing, gives 


0 i 4t 

First altitude of the 341210 

Ooiiootion 2127 


Altitude of 5 wlien. the distance was obairrea . . 34 33 37 


If also the O’s altitude were taken as under, required his altitude at 
4h. 15m. 39 s? 


li m s Oil! 

At 4^1226 the 0’s altitude was 571640 
At 4 17 29 » »» 56 50 20 

Then A=5 m. 3 s. = 303 s , B = 3 3 s , = 183 s , aud O = - 26 

• D = = 954"’2 = i5'54"*2 

303 


20" =-1580". 


And this coiTection must be subtracted from the first altitude of the 
sun, because tlie altitude is decreasing. 


o t n 

First altitude of the sun t? 

54 


Altit-q.de of © when the distance was observed , 57 Q 4^ 


Examples fob Exeeoise. 

Required the altitudes at the time of taking the distance in each of 
tlie following examples ? 


Example i. 


Tliw liy Watch 

b. ». 

9 »7 34 
9 as 47 
9 3E * 

9 33 H 


Mweab’s altitude . 19 h 

aliitudo . . • 48 40 10 

iDistanco T) ^ • 37 ^9 ^5 

7)'s alUtudo . . • 47 58 20 

Mai cab’s altitude » 21 48 4o 


Example 


Tim«‘ by Watch. 
iL m n 

15 3B 17 
15 40 n 
15 43 
15 44 ^ 

15 45 17 


])’b oltitudo . . . 

Aldoharan’s altitude 
Bmt 'p a-nd 
])’b aliitudo 
Aldobarari^s altitude 


o t « 
30 10 o 

60 25 O 
48 T2 30 
30 45 o 

61 4 0 


Answer 

O i is 

J)’s altitude 48 19 ^ 

altitude 21 32 52 


Answer 


Ws altitude 30 34 23 
iit’s altitude 60 38 53 
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To Fore THE LOHairUDE by LtoTAB OBSERYATIOirS. 

1. TF^CTi the altitudes are olserved. 

j. Knd the Greenwich date as nearly as may be. 

2. Take from the “ Nautical Almanac ” the horizontal parallax 

and semidiameter of the moon, correct them by Tables VI. 
and Vnt 

3. The index error, dip, and semidiameter, haring been applied 

to the oteerwed altitudes, the results are- called the apparent 
attitudes— repet the seconds if under 30", or take the next 
whole minute if the seconds be more than 30". 

4. Apply the refraction and parallax to the apparent altitudes ; 

taking care to use the altitude of the limb of the sun or 
moon in taking out the refraction, and not the altitude 
of the centre. The results are to be considered as the true 
attitudes. 


3. Oorrect the olffierred distance for the index error, ^Bd find the 
central Stance by addxnp the semidiarneters of the sun and 
moon to the corrected distance, when the sun is one of the 
objects o^rved or, if a star be observed, add or suhtraat 
tl» semidiameter of the moon, according as the distance of 
the stm- from the nearest or furthest limb of the moon is 
obserred. 


6 . Clear the distance from the effects of parallax and refraction, 

and Iffien find the Cheenwich date, 

7. CoD^te the time at the place of ohserration. And the 

difference between the date at the place and the Greenwich 
date, is the longitude of the place in time. 

X Whentlu altitudes are not observed at the same tirm that fie 
amunt of the obscurity of the horizon. 

clearing the distance must be aom- 

th# difference of lonmtude made in tbi W ^ from the log 

b? Ae emx- of the watch • K 1#^ taking the distances, cor- 

be the tiaw theZm wW remainder will 

«t which t% wew?oSnred ® at the instant 

»»« hwtaiit dadi^fitMQ the loa- the ie this time, the latitude at the 

^ th^r app^nStSS t adjects, 

<^and bngSe Swore. the Greenwich 
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Example i. 


Suppose that on October 5^4th, 1855, at about 7 b. 10 m. p.m,, in 
longitude by account 52° 16' W, latitude 17° 41' S, the following 
lunar were observed, required the longitude ? 


01)Sorvcd altfOf P'otnaUiaut 
Etvat of Meridian 


9 ' 

67 15 o 

IixJox error . + 2 12 


Height of the eye 17 feet. 


Obs alt _5 

0 / // 
2X 14 5 
- I 43 


Obs'dist nearest Innb 
0 I a 


57 15 ? 

- I 7 


Greenwich Date 

Longitude m Tune 

— 

October 24th . 


h m 

7 10 


5° 16 W 


3 29 

Gicenwiob. date, Oct. :24tb 10 39 


3 b. 29 m 

4 S 


D ’H Bemidltmietor 
Noon 

Correction 

D ’8 Hor Par 

Noon 

Correction. 

tt 

16 24 3 

w, 2*8 

Diff. 

m 12'’ — 32 

10 65 


60 4 9 
— 10' 2 

Diff m 12^-11 5 

10 65 

16 21*5 
Aug. +61 


2130 

3^95 

Red 

59 54*7 

— i*i 


5335 

1171J 

16 27*6 


12) 34 080 


= 59 53 6 


12) 122 475 


mi 6 



- 


2 84 


10 2 



1 



— 



To Correct the Moon’s Altitude. 



ObBorved alt . 
Index error. . 


Q ! tt 

21 14 5 
- I 43 




Dip . • • 


21 12 22 
- 4 4 




Seimdlametor 

. 

21 8 18 

4. 16 27*6 




Appareut altitude - 
llefraettou . . 

. 21 24 45 *6 

, 2 26 * 

H P 3593 6 

3 555529 



21 22 19*6 * 

• • 

Oos 

9*969059 

Pamllax in alt. 

+ 

55 46-5 

• • 3346’5 

3 SM588 

1 

Tiuo alii hide 


. 22 

18 6-1 




Aa.u.« . 4-4 «^co«d« to tho m thetp^^S S«u™ 


M 

m 

• 

• • 

0 < 

. 22 18 

2T 25 

20 5 

0 






»^AUnOAIf ABTEO^OlaX. 


TtCbrrtcttb* sfc^ilUtadeL 


To find the App. Central Dlst 


( 49 ii^rT£«X all . 

IidiAOMiaeto 


I 


O j it 

67 15 0 

+ 2 12 

67 17 12 

- 4 4 

67 15 8 

- 24 


Tn*t alt , , • , , 67 12 44 

r Ann ai» 

8 ss ^7 12 ^ 

• =47 13 o 


OTjaerved dist. 
Index error . 


})’s semidiameter 


O / // 

57 15 2 

— J 7 

57 13 55 

-f- 16 27*6 

57 30 22-6 


EeiJecting 22'' 6, to Ije added again to the com- 
puted distance , 30' o'' 


To Olsjjs zhb Dsszabcb 


dEii 

yr idt 

» alt # 


j. C r a 

, d 57 30 O 

i> - - . 9 » 21 25 O 

♦ . . « 67 13 O 

2) 14S 8 o 

-r_5 73 4 o 

Z— d 15 34 o 

M 22 18 20'5 

S 67 12 36 

JfM + fi)=A 444528*2 
B 58 7 I7’4 

B 4 A 102 52 45^6 
B-A X 3 21 49'2 


38 20 17*4 
2 




5® 40 34*8 

-f 22 6 


•03x074 

“412011 


cos 9*464279 

cos 9*983770 

cos *9*966222 

cos 9*588109 

2) 19*445465 

cos 9“722732 

S“2 9*988934 

9-363858 

2) 19*352792- 

sin 9*676396 


56 40 57*4 


employe 

•**freewliBgcttmplet^^^ from that which is use 
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To FIND THE Q-EBENWICIH DaTE 


O t II 

Eeduced distance as above , . 5 ^ 4057*4 

True dis atlXii by “Kant Aim.” 55 41 6 


Prop, logs* 
. 2430 


PifferencG . 


Prom tlie “ Kantical Almanac* 


59 51 4 

li m s. 

I 44 44 

9 

10 44 44 
+ I 


(Tab XV.) 4782 
2352 


Correction for second diff . , -h i 

Greenwich date . . Oct. 24tli 10 44 45 

To CJOMPUTB THE TEMB AT PLACE FEOM THE ObSEEVED ALTITUDE OP THE StAH. 


FomaUmufs Eight Ascension 

li m s 
22 49 40*93 


FomalhaTit’s Declination and South Polar dist. 

O t II _ 

30 23 15 I S 

Sontb polar distance 59 36 44*9 


Bight ascension of the mean Q 

h m. 8 

Sidereal time at Greenwich mean noon, Oct 24tb . . 14 9^7*75 

(10 I 38;56 

Acceleration for | 44 m 7*^3 

(45 s, . ' ^ 

B. A. of mean ii 3*66 

8%n it IToiw A — V { seel coseep cos . nw (<S' - a) | 


True alt. 

. . . a 

67 

12 

44 



Latitude . . 

. , . ? 

17 

41 

0 

sec 

•021021 

Polar distance . . 


59 

36 

45 

cosec 

*0641 79 


2) 

144 

30 

29 




S 

72 

15 

14*5 

cos 

9*484012 


S-a 

5 

2 

3 ° 5 

sm 

8*943902 


10 24 3 
2 

20 48 6 
4 


2)18*513114 
sm r^s^ssi 


Pastorly Imnr angle . 
W(»sterly honr angle . 

A. . . . . 

B. A. ofmondian . . 

Mean 0*s It A. . • 

Bate at place Oct. 24th 


6,0) 83 12 24 
h m 8 

. * I 23 12*4 

, . 22 36 47*^ 

plus 22 49 40*93 

, , 21 26 28-53 

minus 14 II 3*66 

, . 7 15 24*87 
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NAUTICAL ASTEONOMT. 


To riM> THE LoRorruDB 


h 

m 8 

Date at Greenwich hy lunar , . . Oct 2=4th 

10 

44 45 

Date at place by star's alt. , . , Oct 24th 

7 

15 25 

Difference = Longitude in time, W . . . 

3 

29 20 

Longitude .... . . 

52° 20' W 


Example a. 


AJtitvdes to he computed. 

A lunar obserration taken during one of the recent Northern expe- 
ditions, by Mr. R.C.' Allen, Master of HM.S. “Resolute.” 


. h |n s. 


1851. August 1st . . . 6 45 4 

Distances 0( • 60 19 55 

46 13 4 

20 25 

47 7*4 

20 45 

48 40 

21 35 

50 10 

23 35 

5) 237 14 8 

5) i °5 15 

August ist 6 47 26*9 

60 21 3 

Error on G. At. T. • . + 4 31 40 

Index error • . — 15 

Greenwich Date, August ist ir 19 6*9 

60 20 48 


The latitude was about 74° 36' N, and longitude about 95° W 
^ By altitudes taken the same day the chronometer was found to he/as< for the 
time at tlie place of observation i li. 49 m. 7*48, 

m s 

Tnerefore, since the chronometer shows ‘6*4726*9 

And the chronometer is fast . . , . . , . i aq 


The date at the ship 


August ist 4 58 19*5 
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To Compute the Sun’s Altitude 


Green-wich Date, 1851, August ist, iili 19m 6 9s 


Date of Ship 

August ist, 4 h 58 m 19 5 s 


O’s Decimation 

Correction 

On. August ist . . i°8 7 49 '3 

7 8-3 

Difference 111 1 hour . 

it 

- 37*9 

II 3 

18 0 41 

North polar distance 71 59 19 


1137 

4169 

428*27 




Equation of Time 

Correction 

m s 

On August ist ..633 

- I 6 

Diff in I honr . . 

Honrs past noon . . 

s 

— 0 14 
11*3 

6 i ‘7 


42 

154 

To bo subtracted from M. T. 

lOoi^rection 

1*582 


Polar Angle = Apparent Time at Ship 


h m s 

Moan time at ship . . 4 5® ^9*5 

Equation of tune . ... — 0 17 


I Polai angle m time 
„ in arc 


2) ^ 17 ^ 

. 2 26 89 

. 36° 32' 13" 


A 5 = 1 (oolatitude + polar distance) 


Tiaiiindo . - • 
Oolaiitiido . . . 
O'b polar distance 


o # * I 

74 36 oN 

15 24 o = J 
71 59 19 =p 


Colatiludo + G’b polar distan^ . • 03 i 9 

4 (jp + t) = A 43 4 ^ 39 



nautical ASTEONOiBiT* 


SmS = cos^ih) 

Stn i XanA Puiancc = jJ •[«nC-i + 5) 



Q i n 



i boorsns^ . . 

. }6 52 13 

cos 

9*904972 




2 




19*809944 

p = polar distance • 

. 71 59 T 9 

sin 

9 978178 

r = cclotiiude , . 

. 15 24 0 

sin 

9-424156 

A=i(p + rj , . 

. 43 41 39 

2) 19*2x2278 

B 

. 23 48 52 

sin 

9*606139 


ZemUx distonoe . 

( Tnie altitnde • 
Cor. of aUltade . 

Appeimt altitade 
B^ecirng 13” from each j 


67 

30 

31 

19 

52 

47 

34 

5 

30 

68 

II 

0 

21 

49 

0 

4 

• 2 

13 

21 

51 

T 3 

: 21 

48 

47 

: 21 

51 

0 


sin 9*965642 

sui 9*531539 

19*497181 
sm 9*748590 


To OoiCEOTE ms Moon’s Aioitddb. 


ChBBWwkiiI)aiE^ 1851, ATignst islv 11 h. 19 m 69s 


yitC^AJoettiExiL. 


k 

At 1£ . , 
CttiMita , 

2 f<i&A. , 


lu xn. s 
12 42 i6*5 
+ 42*6 

12 42 59*1 


IHff in I hour 
n in I nun. 


+ 134*2 
+ 2*23 
19* IX 


Correction 


. 42 6153 
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]) 's Decimation 


o / // 

o 55 55 N 
— 4 14 


Biff m 10 min 
, , in I mm 


Noxtli polar distance 89 8 19 


Collection . 


1328 

1328 

11952 

1328 

253 7808 

4' 13" 78 


SemuUamoLer 


ll J il h, ;; 

At noon 1622*5 Diffim^— 48 At noon 60 54 Di£fini2 — 177 
^ A e 1 A Goi . — 16 6 ,, I I 47 


iC 18 o 
+ 4 3 
r6 22*3 


4 52 Red 


59 48 8 
— no 


3577 8 = 59 37 8 


Illglit A.HConaion of Mean Sun, and of tlie Meridian 

SidcHoal time at moan noon, Ancfiist xst . . 

[ II Ilia • • 

Aooolcration for < 19 ^ ■ 

I 78 ... . 

Bi^lit ascension of mean snn . . 

Mean time at place . ... • • 

Riglit ascension of the meridian ... ... 

Polai migl( qf J) E A of trei idmn H A of Aloon 

Biglit ascension of mtiulinn 

Bight ascension of moon .... 

Pol ax angle in time . . . . • 

l*olar angle 111 aio ?= 7 ^ . 

J Polar angle . . .... 


ll m, s 
8 37 59 49 
I 48 42 
3 12 
02 

8 39 51 05 
4 58 19 5 

13 38 10 55 


h m b 

13 58 10 55 
12 42 59 10 

o 55 II 45 
I 3 ° 47 ' 52 " 

6 53 56 


- i (PoUdiUide + r'olar Distance) 


Oolatitnclo 

j) 's I'olar disianco 


15 24 oV 
89 8 i^p 

104 32 19 

52 16 10 A 
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Sin B = a/ (sin jp sin V cos2 ^ /t) 

Sin i Zenith JDist = V {nn (A + B) sin (A - B) ] 


1 bottr angle 

0 / /y 

6 53 56 

cos 9 996844 

2 

(p = Folai distance . , . . 

\v = co-latitude 

89 8 T9 
15 24 0 

19*993688 
sin 9 999951 

sin 9 424156 

A = i sum ...... 

52 16 TO 

2)19*417795 

B 

30 46 4 

sin 9 708897 

A + B 

A B 

83 2 14 

21 30 6 

sin 9 996786 

sin 9 564107 



2)19 560893 

1 zenith dist 

. 37 5 53 

2 

sin 9 780446 

Zeiith dist. 

^Tme alt • 

. 74 II 46 
. 15 48 14 

Hoi. Par 3577*8 3 5536i6\ 

. . , cos 9 983265 

Parallax in alt nearly 

. - SI 

. . . 3 536881 


14 50 52 

. , . cos 9 985251/ 

^Parallax in alt . . 

. - 57 38 

.... 3 538867 

E^'acbon 

14 50 36 
. + 3 33 


Apparent altitude .... 

. 14 54 9 



SiifetEadang 9" feom tke true and apparent altitudes — 

♦ M = 15 48 
m = 14 54 o 


To TTSD THE ApEAEEKT ChJsTKAL DISTANCE 


Di^ance of the limbs 60 20 48 

Mom^s semidmmctei 1622*3 

Bnm^s s^diameter ... . ic 47 0 


Ai^paiMit central distance . . . , 60 52 57 3 


jf/j 
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To Clear the Distance 


{sec m sec s cos X cos (X - d) cos Mcos 5 '} 
<iM+ S) -i D = ^ I cos ( J. + J5) cos ( J. - Jj?) I 


Apparent alt 
’ [ (list. 


o i « 

O 21 51 o sec 032376 

I) ... . TO 14 54 o sec *014854 

)0 d 60 53 o 


2)97 38 0 



X 48 49 0 

COS 

9 818536 

d— X 12 4 0 

cos 

9*990297 

M 15 48 5 

cos 

9*983270 

S 21 48 47 

cos 

9 967736 

J (M + S) = A 18 48 26 

2) 

19 807069 

B 53 12 30 

sin 

9 903534 

A-fB 72 0 56 

cos 

9 489619 

A-B-34 24 4 

cos 

9*916508 



19 406127 

30 i8 49 5 

sin 

9 703063 


2 


60 37 39 • 

To bo Biibtraciocl, booauso added bcfoie 3 


Tiuo distance . . 60 37 36 


To OoMrux?! Tim Grbenwioii Time and Longitude 


True dminueo as comptitcd above . . . 

60 37 36 

B L. 

List, ui 9'Mium “Nautical Almanac” . 

59 19 35 

2502 

Biff . . . 

I 18 I 

3631 


li m s 




2 18 47*5 • 

1129 

Time talcou from llio “ Nautical Almanac” . . 

9 

II 18 47'5 


OorTcction on account of second differences 

- 3 


(bticmwbdi date August tst 

II 18 44‘5 


Date at slap 

4 58 19 5 


Ijongitudo m tune 

6 20 25 

60 



4)380 25 

Longitude . - . 95 ° ^ 
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Example 3. 

^ t i, T 81-/1 (-lip followine lunar was taken at Green- 

.iS'SKgtd* t'”” 

tke earth: — 


Qieeawicli Date. 

,854.0rf«baixtli 23 H. 26m. 20- IB. 


Distance 0 ( 
107° ^l’ 2" 07 


Tm cli-tmce k tbe mean of .4 r«d.ngo of the sertant corrected 
for the index error. 


To Cte&IFCTB THE SlIN*& ALTITUDE, 


Correction 

AtHftoB, Oet iitli . 7 0 26 4 S 

I C4»h«m« . • • -f 22 5*4 

Beeltt&tKKi * . • 7 22 31*8 

97 

n 

Diff in T hour . . . + 5 ° 57 
Hours past noon . . 23 43 

16971 

22628 

16971 

11314 

1325 4351 

Oor of decimation . . 22' 5" 4 

EqnMira c^Tiine, P II 

Correction 

m 8 , 

At wwi, Ctei nth . . 13 

CXaneetxii . , ..+ 14*69 

of tiiE« * . » 13 25*55 

4- lo me«m teM-- 

t! 

Biff, in I hour . . + ‘627 

Hours past noon . . ^ 3*43 

188] 

2508 

1881 

t 254 

Oorrection . , . 14 69061 

Polar Angifi = Apparent Tune from Noon 

h m s 

li«s feaae at place . . . . 23 26 20*10 

Eqmti»oftim© . . . + 13 ^ 5*55 

Awiaeit iiioa . 23 39 45*65 

R 4 dne«>#a ... . . . . 0 20 14 35 

IMf pc^sr angle ia time . ... . . 10 7 175 

„ ^ mar© . 2 ° 31" 47" 6 = Tfc 
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A ~ i (Colatitude + Polar Distance) 


Latitude of Gieenwich. . 
Ooiatitudo 

Polar diBbance of the suu 


51 28 50 N 
38 31 10 =zV 
97 22 31 8 = jp 

135 53 41-8 

67 56 51 = A 


Siw i? B3 ^ (stw p sm I ' cos ^ i h ) 

Sin i Zenith Distarice ^ | sm A + B), sin (A - J?) }■ 


4 Polar angle 

• • 

. 2 31 47‘6 

cos 

9 999577 

2 





'' 9 * 999^54 

Polar dist 

. . . • 

. 97 22 31*8 

sin 

9-996392 

Ooiatitudo . 

.... 

, 58 31 10 

Bin 

9 794335 


A , . 

• 67 56 51 


19* 78988X 


B . . 

• 51 43 57 

Bin 

9-894940 


A+B . . 

. 1 19 40 48 

sm 

9-938933 


A-B . . 

. x 6 12 54 

sin 

9-445981 




3) 19 ' 384903 



29 30 30 

Sin 

9*692451 


Zenith distance . 
True altitude . 


59 I 0 

30 59 o 


To CoMi^UJCB TUB Bun’s A/muTit 


True altitude 
Ijatitude 
Polar dist. . 


. a 30 59 0 BOO 10*066x59 
. I 51 28 50 sue 10*205665 
. p 97 22 31*8 

2) X79 50 21*8 

S 89 55 xo*9 cos 7*146473 

jp— S 7 27 20*9 cos 9*996312 

2 ) 17*415309 
2 55 26 BUI 8*707654 


Tnio azmiutli 


B 5 50 5^ “Ki 
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<bm»faoii of ZL D for the Terrestrial Spieroid. 


Bodnebon for latitude (5 1 i°) (TaUeTTI) 670 log 2826075 
AamutbofthesualessthangoOS, 5 ° 5 i'E .. cos 9 997732 



666*5 ^ 2*823807 

i Correction , . 

. . - ii' 6" 5 

Compntatioii of True and Apparent Alts 

0^B Zenith distance . . 

Oonection found above . 

0 1 

59 1 0 

. . . . - II 6*5 

Eeduced zenith dista^ice . 

49 S3 5 

„ Altitude . . 

, . . . 31 10 6*5 

Parallax . — 8 


31 9 58 5 

Ee&action. + i 35 

Api»rent altitude . . 

31 II 33*5 


3 3" *5 the appaxent and also from the true altitude 

O t it 

s 31 9 33 

8 31 II O 


EoracEWB !Ea CojmjTB the Ai.Tmnm. 

E. A. Mora 

Correction 

h, m s 

Al23ho«rs . . . 6 5 23*21 

■f 58*65 

6 6 21 86 

s. 

Difil in I hour , . -1- 13 3 • 84 

„ I mm. ... 2*23 

26 3 

669 

1338 

446 

58 659 
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Declination of Moon 


At 23 horns . 


. 36 42 25 5 K 

46 9 


26 43 12 5 

North polar dibtance 63 16 47*5 


Diff 111 xo minutes 
„ I minute 


+ 17*82 
. 1*782 

26*3 


46 8666 



To And E A of Mean Sun and of the Meridian 


h m s 

Sidoroal timo at moan Tiooji, Oct nth . . . . 131859*59 

I 23h 3 46*70 

Acooloiation. lor < 26 m. .. . ... 4 27 

( 20 s. , . .... *05 

Bight ascension of tho mean suu 13225061 

Moan time at plaoo . . • 23 26 20 10 

Bight aaconsion of tho morulian 49 10*71 


Hour Anglo ""'.E. A. of Meridian E. A of Moon 


h m 8 

Bight aswuHiou of moiKhan . . . . . . » 12 49 10 71 

lUglit nseiHisum of moon 6621*86 


Hour angle in time ^ . 
Half-hour angle in time 
in arc 


6 42 48*85 
3 21 24*42 
50° 21' 6" *3 
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To CoMPUTB THE Moon's Althudb 



Half-Polar angle 

O i 

. , 50 11 63 

cos 

9*804870 

2 





19 609740 


Polar distance 

. 63 l6 47-5 

sin 

9*950955 


Oolatitude . . 

. 38 31 10 

sm 

9 ‘ 794335 



A 50 53 59 

2) 19 355030 



B 38 25 5 

sm 

9 877515 



A 4 - B 79 19 4 

sm 

9*992408 



A - B 23 28 54 

sin 

9 583504 




2) X9-5 74912 



0 1 « 

37 48 22 5 

2 

sm 

9 ‘ 787458 


Zenith distance . 

75 36 45 




Tnie altitude 

. . . . 14 23 15 



To Compute the Moon'b A/joiuth 


Altitude , . 

0 / « 

. . . a 14 33 15 

SCO 

•013839 


Latitude . . 

. . 1 51 28 50 

BOO 

205665 


Polai distance 

. p 63 16 47 5 





2) 129 8 52*5 



' 


S 64 34 26 2 

00s 

9*632807 



S-i) 1 17 38-7 

00s 

9-999889 



. 


2) 19*852200 



Ota 





57 30 53 

2 

sm 9 926100 



S 115 146W 




Correctum of Z D for the Terrestrial Splieroid 


Eeductieii for latitude 5 1 (Table YII ) 6 70 log 

Azimuth of moon greater than 90° S, 115° 2' W cos 

2*826075 

9 616490 

283*5 log 

2-452565 

Correction . . , , _|_ 4' 4^ 

"•5 
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Computation of Trae and Apparent Altitudes of ]) 


g’s zemth distance . . 

Oonection computed above 


^ Altitude . . 

Iloi Paiallax 3268" 3 

Parallax in alt ncaily 


Parallax m alt 
Eofi action . 


75 36 45 
+ 4 43 5 

75 41 28 5 

14 18 31 5 cos 9*986314 

.... log 3 514322 ^ 

- 52 47 . .3 500636 

13 25 44 5 cos 9*987961 

- 52 59 • 3 502283' 

13 25 32*5 
+ 3 54 

13 29 26 5 


Apparent altitude . . . . 13 29 26 5 

And subtiactmg 26" *5 fiom the tiue and appaicnt altitudes 


Ota 

14 18 5 
13 29 o 


To CLiiAR Tiiiu Lunar Distance 


Distance of limbs . 
J’s soniidiamoter . 
O’s somidianietci . 

App coiitial dist. 


J07 21 2 I 
+ 14 57 8 
+ 16 4 4 

107 52 4 3 


App dist. 
Alt. 0 . 
Alt ]) . 


d 107 52 o rejecting 43'' 

8 31 11 o sec 012138 

m 13 29 o sec 067772 

2) X52 32 o 


X 

76 16 0 

cos 

9'375487 

(Z - X 

31 36 0 

cos 

9 930300 

H 

31 9 33 

cos 

9 932338 

M 

14 18 5 

cos 

9*986328 

i (B + M) = A 

22 43 49 

3) 19 304363 

B 

26 40 31 

sm 

9*652181 

“X+B' 

""49 24 20 

sill 

9 813381 

A - B 

3 56 43 

cos 

9-998970 




19 812351 


0 / n 

53 40 41 

6 sin 

9*906175 


above 
True diHtuiu'x^ 


107 21 23 2 
+ 4 3 

. 107 2r 27*5 
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To Fesd the Greesstwice Time and Longitdde. 


True distance ....... 107 21 27 5 

Dist. at XXL hoBTS io8 28 30 


I 7 2-5 


li m a 

ir kmrs + 2 26 35*5 


4289 5 


Oct iith 23 26 33 5 

— 2 Cor for second differences. 

Oct nth 23 26 31*5 Greenwich date "by lunar 

Oct nth 23 26 20 I Known date at place of observation. 

II 4 "W long m time found by lunar 


Examples (with altitudes observed). 

I. If OB September 3rd, 1855, about 5 b. 10 m. A.M. mean time 
at place, lai 55^ bl, long, by account 106° E, the following lunar 
ob^rvations were taken ; required the longitude ? 


01^ alt a Anetis 
West of Mendian 

O / // 

51 16 14 
Index error . — 2 23 


Ole alt. ])’s L L 

o / n 
57 24 19 
~ 56 


Obs dist F L. 
O / u 

30 5 20 
+ 2 20 


Height of the eye 1 1 feet. 


Ans. Longitude 106“^ 10' E. 


3. If on February 3rd, 1855, at 8 h 45 m p.m. mean time at place 
nearly, lat. 47^ 50' N, long, by account 176^ 40^ E, the following 
lunar was ob^rv^ ; required the longitude ? 


Obs alLSatom 
West of Mmdian 


Index anpOT 


59 19 o 
- 50 


Obs. alt 5 )’s L L 

O i If 

26 59 4 
- I 57 


Obs dist X L. 
o / u 

78 57 23 
+ 1 35 


Height of the eye i6 feet. 


Ans. Longitude 176° 34' E. 


3. On October _2nd, 1855, about 4 b. a.m. mean time at place, 
lat 35° S, longitude by account ia 6 ° E, the following lunar was 
ol«rved; required the longitude ? Aldebarau and the moon being 
both too nw to the meridian for finding time, the time at the place 
of ohserration was determined by other stars to be 15 h. 58 m. 36- a, s. 


Cte. alt. AMebaxan 

^ i. w 
38 28 52 

Index error . — i 35 


Height of the eye 9 feet 


Obs alt ])’s L L 
O / // 

24 40 37*5 

4 3 10 


Obs dist F. L 


20 25 20 
- 3 44 


Ans. Longitude i% 6 ^ 9' E. 




NAUTIOAL ASTKONOMT. 


235 


HcquisUeB for the preceding questions from the ‘‘ Nautical Almanac 

for 1855. 

For Question i. On August agih. Declination of a Arietis 
46' 41" o N, and di£F. in 10 days + 
ascension i h. 59 m. 64 s , diflP. in 10 days + o-a6 s 
Sidereal time at mean noon on September the and, 
10 h. 44 m. 1695 s. 

Also the semidiameter and horizontal parallax, &c., of the 
moon as under. 


Uato 

Scmidinmctcr ]) 

Hoi Poiallox 

Date 

LtnrAB Dista^oes 

Noon 


Noon 

Midn^t 

IX 

P 1. 
of 
Diff 

Midni^t. 

P Li 

Of 

Diff 

■ 

15 iS 0 

1 i/ 

15 30 7 

1 it 

51 15 5 

1 s6 4 ^ 8 1 

Sept 2xid 

0 i it 
29 15 2^ 

2943 

0 L it 

30 46 51 

B 


For Question a- On February and, the declination of Saturn at 
noon ao° 13' 5" 6 N, diff in i hour + o"*3 ; and the right 
ascension 4 h. 30 m. 4 65 s., dilF in i hour— o 13 s. The 
sidereal time at mean noon ao h. 48 m. a7 09 s. 

Also the semidiameter and horizontal parallax, &c., of the 
moon as under. 



flemUUnincter 

llor raraUaat 


LuKAib DiarAKOBS 

I>AtP. 

Noon. 

Midnight 

Noon 

Midnight 

Date 

X7ni 

P L 
of 
Diff 

XII 

P L 
of 
Diff 

Koh awl 
I'Vb jrd 

/ it 

14 46 7 

X4 45 6 

i H 

54 7 ‘8 

r it 

543 5 

Fob and 

0 i a 
77 4 4i 

3056 

’ 

0 1 it 
78 33 45 

30S3 


For 


Qimtion -i. ()n September the aSth, the declination of Alde- 
bjmm'iB 16° 13' 4" N, diff. m jo days + 0-4, tbe right 

« 1. m A-,W tn nova -I. n 'In S. 


ascousion 4 li. %7 38-71 s.. diff. m lodays + oaSs. 

The ftideroal time at moan noon on October tne ist, 

Also tiiif semiiliametcr and horizontal parallax, &a, of the 
moon 08 under. 



Kiiflldlwiwttor. 

lloi ramte 


XiUlTAK DlSDf AN 0 R 8 

DaU* 

NtKtn 

MUlnight. 

Noon 

Midnight 

Dato 

71 

P L 
of 

Diff 

H 

P L 
of 

Diff 

(»iM tMt 

15 

t a , 
If K) 6 

1, it 

f 6 31 0 


j Oct THt 

ft 45 5 <> 

3221 

0 i a 
ao XI 40 

3173 
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Ta FIND THE Eate of a Cheonomieteb by Lunaes. 

At a time fevourable for taking lunars, let a set of distances with 
the altitudes be carefiiUy taken, and the corresponding times noted by 
a chronatneter. Take the mean of the times, altitudes, and distances 
respectively , clear the mean distance from the effects of parallax and 
refraction ; and find the Greenwich mean time to which the corrected 
distance corresponds ; the difference between which time and the mean 
of the times shown by the chronometer will be the error of the chro- 
nometer for Greenwich mean time, as deduced from that set of lunars. 
Continue for a day or two at conyenient opportunities to take similar 
sets of lunars, and find from each set the error of the chronometer for 
Greenwich mean time, and the mean of all the several errors as deter- 
mined may be taken as the error at the mean of the times when the 
different sets of lunars are observed. 

It win contdbute to greater accuracy in the result, if an equal 
number of sets of distances from objects eoBt and west of the moon be 
obtained. But when this cannot be done, take the mean of the errors 
found from objects and also the mean from objects westy of the 
moon ; and consider half the sum of these two means as the error for 
Greenwich time resulting from all the ohservatdons A few days 
afterwards, let the error for mean Greenwich time he found from a 
series of independent sets of lunar distances in the same manner, and 
the difference of the two mean errors so found divided by the days, &c., 
between the mean of the limes of each series, will he the rate of the 
dwonontteter. This rate, with the last-found error, may he used in 
finding the longitude by the chronometm", till another error and rate 
can be obtained either by the same or some other method. 

The foEowing example is given in the tables of Mendoza Rios, and 
it contains the results of actual observations made at sea hy Captain 
Huddari in 1^88 ; — 
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No 

Dato 1788 

By Distances of 
]> ftom 

Chionometer fast 
on G M T 

I 

h m 

April nth I 30 

Sun 

m s 

2 41 

2 

,, nth 5 45 

Et gulus 

6 0 

3 

,, 12th I 0 

Sun 

4 34 

4 

,, 12th I 45 

Sun 

4 23 

5 

,, I2lh 5 30 

Eogulus 

4 10 

6 ' 

,, 13th 5 30 

Aldebaran 

5 5 

7 

,, 13th 5 30 

Eegulus 

4 25 

8 

,, 15th 3 15 

Sun 

3 42 

9 

,, 15th 7 0 

Pollux 

5 55 

10 

.. 7 15 

Spica 

2 57 

II 

,, t7th 6 15 

Eegulus 

4 5 ^ 

12 

,, 17th 6 4i 

Spica 

4 12 


12) 165 9 12) 53 3 


Apiil i3tU 18 45 4 25 5 


Therefore on April 13*, at i8h.45m, the chronometer was too 
fast for mean time at Greenwich 4 m 35 s. 

By subsequent observations it was found, in the same manner, that 
on April 33rd, at 18 h., the chronometer was too fast for mean time 
at Greenwich 4 m. 43 s. 

Thus in about 9d. 33 b., the chronometer has gained 17 '5 a., 
whence the daily rate will be found to be -j- i'8 s. 

The interval between the second epoch, April 33rd at 18b., and 
the following noon is 6 h ; and the proportional part to it of the 
rate 4-I-8S will be found to be + o- 3 s., consequently the error 
of the chronometer on April 333 ‘d at noon at Greenwich was 
4 m. 43-38. 


On the next page will ho found convenient blank forms for regis- 
tering and preserving ohhcriations, and their coinjmted results. 
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VARIATIOir OF COMPASS. 
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ON TIDES. 




Tides are the daily rising and falling of the waters of the ocean, and 
they are produced by the attractions of the sun and moon, but chiefly 
by the attraction of the moon. 

The attractive force of the moon, like that of every other body, 
varies in the inverse proportion of the square of its distance from the 
object which it attracts ; and, consequently, the particles of the earth 
iimnediately under the moon are more^ and those on the opposite side 
Urn attracted by her, than the intermediate parts are. And as the 
attraction of the moon, in the former case, acts in opposition to the 
gravity of the particles towards the earth’s centre, their tendency 
towards the centre will be diminished ; and, consequently, if they were 
at liberty to move freely among themselves, they would rise above the 
level of the place which they would otherwise occupy, and form a 
wave, which would follow the moon in her diurnal circuit round the 
earth. And although the moon’s attractive force is in the same direc- 
tion with the gravitating force of the particles on the opposite side of 
tlio earth, yet as she exerts a greater force in the same direction, on 
tile central parts, the relative gravitation of the central parts, and the 
particlcB on the opposite side towards each other, will also be dimi- 
nished ; and, therefore, if at liberty to move freely, these particles will 
also rise above the general level, and form a wave or tide on the side 
(ipposite the moon. 

Tlie tide on the side next the moon, or that which happens when 
the moon is above the horizon, is called the superior ^ and the other 


the inferior tide. n /r ^ j 

Ni)W it is only the particles of fluids that can be sensibly aftected by 
Htieb small variations in the gravitating foiccs; and it is only m the 
ticean, and large', seas, that there is sutflcieiit water to admit the eflect, 
ewen III fluids, to be distinctly obseivable. 

Tlio time of full tide, liowcver, even if tbe earth were covered with 
water, would not be at tbe time at which tbe moon is on the meridian 
of any plae^ ; for tbe waters, having been once put in motion, would 
ciintiiiue to rise for some time, oven if tbe moon’s action were to cease 
altogether ; and they, of course, continue longer to rise when her force 

oiilv a little diminished. ^ ^ i.* 

llic waters of the ocean arc similarly affected by the attraction of 
the mm: but though bis attractive force on the earth is immensely 

lr<*nUn- tliau tho moon’s, yet, from Us great distance, the effect is more 

ms-trlv I'tiual tinon every particle, and therefore the tides which he pro- 
!i, A' hoon’*, comparativol, mall ; and, m 
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fact, they are only perceived in the modifications which they produce 
in the times and the heights of those which are primarily regulated 
by the moon. 

In the interval between two successive transits of the moon she pro- 
duces two tides ; and the sun, in every twenty-four hours, pi oduces 
two tides also. The tides produced by the sun and moon coincide at 
the times of full and new moon ; and the consequence is, that the tides 
at those times are higher. At the quarter of the moon, the effect of 
the solar is to dimmish the lunar tide ; and hence, at those tunes, we 
find the tides are below the average height. The tides at full and 
change are called spring tides, and those at the quarters neap tides ; 
but the highest and lowest tides are generally about the the third tide 
after the lull and change, and the quarters. 

As the action of the sun increases or diminishes the height of the 
lunar tide, so it also accelerates or retaids the times at vniich high 
water happens 

When the moon is in the first and third quarters, the observed tide, 
or that compounded of the solar and lunar ones, is to the westward, and 
in the second and fourth quarters to the eastward of that raised by 
the moon alone ; hence the action of the sun makes high water earlier 
in the former, and later in the latter case. This explanation will be 
received with a slight modification, arising from the consideration, that 
the solar and lunar tides are eastward of the places of the sun and 
moon, and consequently this acceleration and retardation, like the 
times of the highest spring and the lowest neap tides, will take place 
a little after the moon enters the quarters mentioned. 

When the moon is at her least distance from the earth, the tides of 
course are greater than usual ; and when the full or change of the 
moon happens about the beginning of January, when the sun also is 
nearest the earth, the tides are the greatest of all. The nearer the 
moon passes the zenith of any place, the greater are the tides which 
she produces at that place. 

• In small seas which are much enclosed by land, such m the North 
Sea, the observed tides are supplied from those raisPd in the adjoining 
ocean ; and the Baltic, the Mediterranean, and such other seas as 
communicate with the ocean by rery small mouths^ cannot receive a 
sufficient supply of water in a tide to produce a material elevation in 
their surfaces . in these seas, in consequence, the tides are found to 
he very trifling. 

The times of high water at any individual place are greatly influ- 
enced by its local situation ; hut there is at every place a mean relation 
betwefen the time of high water and that of the moon’s passing tlie 
meridian, which relation is subject to periodical variations, depending 
on the distances and relative positions of the snn and moon. Tlie 
time of high water, too, often is materially affected by the wind ; but 
it may be found, with sufficient exactness for any practical purpose in 
navigation, by means of the following problems : — 
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Peoblem L 

To find the time of high water on a given day at any place where the 
time of high water at full and change is known. 

Let the time of the moon’s passing the meridian of the given place 
he found, and to this time apply the correction from the following 
table, corresponding to her meridian passage and semidiameter, and to 
the result add the time of high water at full and change at the given 
place, and the sum will he the time of high water on the afternoon of 
the given day. If this sum exceed lah. 1^4 m., or a4h. 49 m., sub- 
tract those times from it, and the remainder will be nearly the time of 
liigh water on the afternoon of the given day. 


Gorrections to he applied to the time of the MoorHs meridian passage 
in finding the time of high water. 


Pas. 

])’s Semidiameter 

T) ’s Mer 
Pass 

7) '8 Mer 
Pass 

7 ) *s Semidiameter 

TV’s Mer 
Pass 

Time 

14' 30^' 

15' 30" 

16' 10" 

App 

Time 

App 

Time 

X 4 ' 30" 

15' 30" 

16' 30" 

App 

Time. 

h, m 

0 0 

0 JO 
t 0 

1 30 

a 0 ! 
a 30 

3 0 

1 10 

4 0 

4 10 

5 0 

1 rc 

h m. 
-04 

— 0 10 

— 0 IT 

— 0 24 

— 0 31 

— 0 38 

— 0 44 

— 0 50 

— 0 55 

•— 0 58 

— 10 

— 0 59 

— 0 50 

h m 

0 0 

— 08 
■— 0 16 

— 0 25 

— 0 34 

— 0 41 

— 0 40 

— 0 56 
— I a 

— I 6 

— 1 8 

— X 7 

— X a 

li m 
+ 05 
■—05 

— 0 15 

— 0 25 

— 0 30 

— 0 46 

— 0 55 

— X 4 
— X 12 

— X 16 

— 1 12 

h m 
la 0 
la 30 

13 0 

13 30 

14 0 

14 30 

15 0 

15 30 

16 0 

16 30 

17 0 

17 30 

18 0 

la m. 

6 0 

6 30 

7 0 

Vt 

8 30 

9 0 

9 30 

10 0 

10 30 

11 0 

11 30 

12 0 

lum. 
-0 55 

— 0 40 

— 032 

— 0 17 

— 0 I 
+ 08 
+ 0 ta 
4- 0 16 

+ 0 15 
+ 0 12 
+ 07 
+ 02 

— 0 4 

li m. 

— 12 

— 0 51 

— 0 34 

— 0 16 
+ 03 
+ 0 15 
4- 0 21 
4- 0 24 
+ 0 23 
+ 0 19 
4- 0 14 
4-07 
4-00 

h m. 

— I 12 

— 0 58 

_ 0 37 

— 0 14 
4-09 
4 - 0 24 
4- 0 32 
4 - 0 36 

+ 0 34 

4- 0 29 
4 - 0 23 
4- 0 15 
4-05 

h. m 

18 0 

18 30 

19 0 

19 30 

20 0 

20 30 

21 0 

21 30 

22 0 

22 30 

23 0 

23 30 

24 0 


Problem II. 

From tU observed time at Ugh water at any fUm m a given day, to 
find the time of high water at full and change. 

To the time at which the moon passes the merWian of fte given 
place, apply the correction from the preceding t^ble, and the result, 
luhtracted from the observed time of high water, will leave the time of 
hiirh water on the afternoon of the days of full and change. ~ , 

If the time to be subtracted exceed the observed time of high 
.,tL w ToV. oAm or 34. h. 4.0 m. (whichever IS necessary to 
make’it greater)' be^dded to the observed time before the subtraction 
18 nuule. 
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Pboblem in. 

From the mem height of the epring and neap tides at any place, to 
find the height of any other tide at that place. 

With the moon’s semi&imeter at the top, and the apparent time of 
her pasage in the side column of the following table ; take 

out Ihe numbers below A and B ; and multiply the number below A 
b? the mean height of Ihe spring tide ; and that below B by the meam, 
h ei ght, of the neap tide, and the sum of the products wiH he nearly 
the height of the required tide, independent of winds, freshes, &c., ot 
which ft is imposfflble to esfamate the effects. This table is due to 
Bernoulli. 


1 TwaeEt of 

' 

Moon’s Semidiameter 


Moon’s 

Mm. 

16' jo'' 

15' 

fo" 

14' 

fO" 


! 



A 

B 

A 

B 

A 

E 

h. 

0 

WL 

0 1 

lu 

24 

m 

0 

0*99 

0*15 

0*88 

0 12 

0 79 

0* 

08 

0 

40 

25 

20 

I'lO 

0*04 

0*97 

0 03 

0*87 

0* 

02 

X 

20 

22 

40 

1*14 

0 00 

1*00 

0 00 

0*90 

0* 

00 

2 

0 

23 

0 

1*10 

0 04 

0 97 

0*03 

0*87 

0 

02 

3 

40 

21 

20 

0*99 

0*15 

0 88 

0*12 

0*79 

o* 

08 

$ 

20 

30 

40 

0*85 

0*32 

0 75 

0*25 

0*68 

0* 

18 

4 

0 

20 

0 

0*67 

0 53 

0*59 

0 4x 

0*53 

0* 

29 

4 

40 

19 

20 

0 46 

0 75 

0 41 

0*59 

0*37 

0* 

41 

5 

20 

18 

40 

0*28 

0 96 

0*25 

0*75 

0*23 

O' 

53 

6 

0 

18 

0 

0*13 

I 13 

0*12 

0*88 

0*11 

0 

62 

6 

40 

17 

20 

0*03 

1*21 

0 03 

0*97 

0*03 

0 

68 

7 

20 1 

16 

40 

0*00 

1*28 

0*00 

1*00 

0*00 

0 

70 

8 

0 

16 

0 

0*03 

I 24 

0*03 

0*97 

0*03 

0 

68 

a 

40 

15 

20 

0*13 

I 13 

0*12 

0*88 1 

0*11 

0 

62 

9 

20 

14 

40 

0*28 

0 96 

0*25 

0 75 

0*23 

0 

53 

10 

0 

14 

0 

0*46 

0*75 

0*41 

0*59 

0*37 

0 

41 

10 

40 

13 

20 

; 0*67 

0*53 

0*59 

0 41 

0*53 

0 

29 

II 

Id 

12 

40 

i O' 85 

0*32 

0*75 

0*25 

0*68 

0 

18 

12 

0 

13 

0 

j o '99 

0*15 

0*88 

! 

0*12 

0*79 

0 

08 


Example. 

If the height of the spring tide at a certain place be i8 feet, and 
that of the neap tide 14 feet, required the height of the tide when the 
time of the moon’s merichan paiage is 8 h. 4010., and her semidia- 
meter 15’ 30" ? ' 

'riandB = *8^ 

AM • 11 . X 1$ = 2‘i6 
X 14 = I 2'52 


Answer. . 


14*48 
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ON WINDS. 


The chief causes of winds are the expansion and contraction of the 
air from heat and cold ; and, thotigh in our climate nothing is more 
proverbial than the inconsistency of the winds, in some parts of the 
earth they appear to be governed by laws which operate with con- 
siderable regularity. 

The most remarkable of these winds are the trade winds, which in 
a zone extending in general about 30° on each side of the equator, 
blow from the eastw.ard nearly quite round the globe; inclining 
towards the north in north latitude, and towards the south in south 
latitude, and forming what are called the N E and S E trade winds. 

In the intermediate space the wind is variable, but it in general blows 
from the eastward. In this space sudden squalls and heavy rains 
frequently occur. 

When the sun has his greatest north declination, the S E trade wind 
extends several degrees N of the equator ; and, in the opposite season, 
the N E trade wind extends m like manner to the south side of the 
equator ; but in all seasons these winds are found to be greatly modi- 
fied by local circumstances, particularly near land. In the vast ex- 
panse of the Pacific Ocean they prevail almost uninterruptedly, out at 
sea ; but in the Atlantic, on the coast of Brazil, they blow from NE 
to K N E from September to March, and from S S E to E S E during 
the other lialf of the year. Near the African coast, the winds in 
gcmeral tend towards the coast ; but in the Gulf of Guinea there is 
sometimes found a moderate breeze from the N E. Off this coast, 
about f N latitude, and ao® W longitude, there is a considerable 
space, where almost continual calms are found, attended with thunder 
and lightning ; and the rams are so frequent and heavy, that the 
space has acquired the name of the Bains, 

In the Indian Ocean, from about latitude 2^8° S to the equator, the 
B K trade wind blows pretty constantly ; but in the Arabian Sea and 
the Bay of Bengal there are certain periodical winds, caHed monsoons, 
which from April till October, blow from S W, and from the opposite 
iM)iut from October till April. The S W monsoon is frequently 
tended with tempests and rain ; hut during the prevalence 01 the N E 
monsoon tlie weather is in general dry and pleasant. About the 
change from one monsoon to another very violent storms ot wmd are 

Moiisooim are found also in the Mozambique Channel ; _ but tiiefam 
Hoiwon there is during the S W, and the ramy season during the N E 


On The coasts of Sumatra and Java, and along the co^t of Chma, 
monsoons also prevail ; but they blow more nearly from tbe^north and 
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south than those in the Arabian Sea ; and they are, besides, much less 
regular,, and are frequently interrupted by violent hurricanes, called 
typhoom. Off the Vestern coast of New Holland there are regular 
monsoons, which blow from N W from October to April, and from S £ 
during the remainder of the year. 

Beyond the limits to which the trade winds extend, the winds are 
so variable, that all attempts to deduce the laws by which they are 
governed have hitherto been unsuccessful ; westerly winds, however, 
are observed to he, on the whole, most frequent. 

From what has been said, it will readily be perceived that a mariner, 
bound to the westward, will avail himself of the trade wind, when he 
can reach it without going too far out of his way ; but this wind, so 
favourable in running towards the west, is directly adverse in sailing 
eastward, and it would therefore be a mere waste of time to attempt 
to sad to the eastward in the trade winds. 

Indiamen, both outward and homeward bounU, generally cross the 
equator between i8° and ^3° west longitude, and tms avoid the coast 
of America, as well as the calms off the coast of Africa ; and steering 
to the south- w^tward across the SE trade winds, till they reach the 
latitude where variable winds prevail, they then make towards the east. 
In sailing outwards in the Indian Ocean, they generally run down their 
longitude south of the parallel of the Cape of Good Hope, and then 
steer across the S E trade winds towards India. 

Ships bound from Europe for the West Indies, and the southern 
parts of North America, avail themselves of the trade wind, which 
they endeavour to reach as soon as possible ; and, in returning, they 
steer towards the north, till they get without the limit of the trade 
wind, where they find the winds variable, and they then work their 
way towards the east. 

Ships from the coast of Guinea sail from S to E S E, as the wind 
will permit, till they reach the Island of St, Thomas ; and with the 
wind which is generally found in that quarter they run to the west- 
ward till they meet the S E trade wind. 

Near the shore, in tropical climates, there are daily land and sea 
breezes, the wind blowing from the sea during the heat of the day, 
and the laud during the night. In very warm weather these 
breeze are often oteerved to blow pretty regularly, even in temperate 
climates. " ^ 
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CYCLONES. 

Cyclones, or circular storms, consist of a violent rotatory motion of 
the air extending over a very great space of from 50 to 500 miles 
and upwards in diameter. It is observed that the rotatory motion is 
different in the storms which occur on opposite sides of the equator. 
In the Northern hemisphere the whirl is from right to left, or in a 
direction contrary to the motion of the hands of a clock ; and in the 
Southern hemisphere it is from left to right, or in the same direction 
as that m which the clock-hands move. 

Perhaps the easiest rule for remembering in which direction the 
rotation takes place is this : the wind is westerly in that part of the 
cyclone which lies nearest to the equator in either hemisphere. 

It is also observed that the centre of the cyclone has a progressive 
motion ; those which arise in the tropics travelling first towards the 
westward, and gradually turning to the northward in the Northern 
hemisphere, and to the southward in the Southern hemisphere, and 
after arriving in lat. or turning back again towards the east- 
ward. 


To find the tearing of the centre of a circular storm. 

A more or less rapid veering of the wind is one of the indications 
of a cyclone, and the bearing of the centre of the storm is always at^ 
right angles to the direction of the wind, and will be found by allowing 
8 points to the right of the direction of the wind in the Northern 
hemisphere, and to the left of that direction in the Southern hemi- 
sphere. For example, in a northern storm, when the wind is N, the 
centre of the storm bears E ; but m a southern storm, when the wind 
is N, the centre is due W of the ship. 

Again, in a northern cyclone, when the wind is N E by N, the 
centre bears 8 E by E ; but in the Southern hemisphere, with the 
wind N E by N, the bearing of the centre would be N W by W. 

Or, turn your back to the wind, and point sidewise with your left 
hand in the Northern hemisphere, or with your right hand in the 
Southern hemisphere, and your hand will indicate the direction of the 
centre of the cyclone. 

Of the veering of the wind in a cyclone. 

The direction in which the wind veers round will also indicate the 
direction of the general motion of the storm. Thus if the wind 
changes from N to N K and then to % the bearings of the centre will 
also change in the Northern hemisphere from K to S E and then to 
S ; if tlie observer be suiiposcd to look towards the centre of the 
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storm, it will te passing to the southward of him, and from left to 
right or towards the westward. The wind was supposed to veer from 
N to N E and E, or towards the right ; and it may be remarked that, 
supposing the observer’s face towards the centre of the storm, then 
when the wind is veering to the right, the storm is moving to the 
right ; and when the wind is veering to the left, the storm is moving 
to the left ; but if no veering takes place, but an increase in the force 
of the wmd, the ship is directly m the track of the storm. 

As another example of this phenomenon, suppose that in the 
Southern hemisphere the gale veers from W to S W and S, or to the 
left, the centre of the storm will change its bearing from S to S E and 
E, and will be observed to be moving towards the left hand of a 
person who looks towards its centre. 


Of Twmng-to in a circular storm. 

When it is considered desirable to heave-to in a storm, it is of 
importance that it should be done so that the ship may come up to 
the wmd instead (A falling off from it-; and the rule is this, when the 
wind is veering to the right, or the centre of the storm is moving to 
the right, the ship should be laid-to on the starboard tack. If the 
wind be veermg to the left, or the centre of the storm bo moving to 
the left, lay the ship to on the port tack. 


Of saving from the centre of the gale. 

Captain Andrews, Commander of one of the Royal mail steamers, 
has observed, “ that by keeping the wind on tbe starboard quarter 
when in a revolving storm, in the Northern hemisphere, ships gradu- 
ally sailed from the storm’s centre. And by keepmg the wind on the 
port quarter, when in the Southern hemisphere, snips gradually sailed 
from the centre of a revolving storm. This rule applies to three- 
quarters of the storm’s circle. But care should be taHLen in its appli- 
cation, lest the ship be carried into what hfw been called the quadrant 
of greatest danger, and before the centre of the advancing storm ” ^ 
For further information on this subject, see the val^le works of 
Sir W. Reid and Mr. Piddington, &c. 


* The 
BeLd,K.CB. 


Progress of the Development of the Law of Storms,” &c , by Sir William 
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PART IIL 

NAVIGATION AND NAUTICAL ASTEONOMY. 


CONTAINING THE DEMONSTKATIONS OF THE EIJLES, ETC, 
GIVEN IN THE PRACTICAL PORTIONS OF THE WORK. 


To DEDUCE THE LATITUDE FROM THE OBSERVED MERIDIAN ALTI- 
TUDE OF A KNO-WN Celestial Object. 

Let, in the annexed figure, A C be the intersection of the plane of the 
nieridian and that of the rational horizon, and F D the intersection of 
the meridian with the plane of the equator ; Z the zenith, P the north 
and E the south pole ; if S be the true place of a celestial object on 

Fig. 20 



the meridian, S A is its meridian altitude, S Z its meridian zenith 
dintaiico is the complement of _S A the meridian altitude, and is 
denottxl ns north or south, according as it is estimated from the object 
towards tiie north or south pole, and S F its north decimation ; and if 
S' be the place of the object, S' A is its altitude, S' Z its zenith 
(listonee, north, and S' F its south decimation : if S" be the place of 
t.h(5 object, 'S" C is its altitude, S" Z its zenith distance, south, and 
S" F its north declination. _ 

Now Z S + S F, or S' Z - S' F, or S" F - S" Z = Z F the lati- 

I Icncc, for any object, from its observed meridian altitude, find its 
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trae meridian altitude, and the complement of this is the meridian 
«nith distance ; to be railed north when the observer’s zenith is north 
of the object, and south when the zenith is south of the object 

Rod the Greenwich time of the object’s meridian passage ; and for 

that time find its declination. , , , 

if ronitii distance and decimation be of the same deno- 
isii»don, that is, if they be both north or both south, their sum is the 
Wtede; b^t if they be of different denominations, their differ- 
Mitude, and the latitude is always of the same denomina- 
tion m the greater. , . . i a* ^ a 

The dedioations of the sun, moon, planets, and principal fixed stars 
are given in the Nautical Almanac,*' the sun’s both for apparent and 
mw na>n, the moon's for every hour, the planets’ for every day, and 
IImj feed sto for the Greenwich time of their meridian passage for 
0?ery tolh day in the year. 


To THE Latitude from the Observed Altitude of a 
KSOWM Celmtial Object wher oh the Meridian below 
THE Pole. 

In fe last figure F P and Z C are quadrants : if therefore the 
cefflnioii part Z P 1^ omitted from eadh, P 0, the elevation of the pole 
above the bomcm, will be left equal to F Z, the latitude. Hence, if 
be an object on the meridian, below the pole ; S” C, its altitude, 
aided to P, the implement of its declination, will be equal to the 
latitude, and of the same name with tiie decimation. 

Now tile sun is on the meridian below the pole I2 hours after noon ; 
ferefore if the longitude in time be added to or subtracted from 1 2 
hours, axxording as it is west or east, the Greenwich time at which 
the MU will be below the pole will be obtained. If to the time of the 
miwii's the meridian, I 2 hours, and half the daily difference of 

ter meridiaa pa®age te added, the sum will be the time at which she 
will be Wow the pole ; and if hours be added to the time at which 
m |fei»t ® the meridian, the sum will be the time at which it is 
tew the |K>le, exactly enou^ to compute its declination for finding 
the Mitede at sea. 

IM then the declination of the object be taken out for the instant 
G^nwicb time at which it passes the meridian below the pole, and 
to ^ cxjiE^emenl of its declination add its true altitude, and the sum 
’tB! te fee tetiteie, of the same name with the declination. 


To USB THE Latitudb m the Altitude of the Pole-Star. 

tet P reprint the norfe pole, MSN the circle which the pole- 
Ar a^rato dmribe iBtmd it in each sidereal day. 
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Let Z P O be the meridian of the observer, Z his zenith, H O the 
horizon, then Z O and Z H are each 90°. . , _ . , x *1, 

Now when the star is at M, its altitude is M O, and greater man 
the latitude which is measured by P O, by the polar distance M r. 



Again, when the star is at N, P O can be found by adding the 
polar distance P N to N O the altitude of the star. . . 

Half the sum of M O and N O is also equal to P O, the latitude of 
the place of observation. 

Next suppose the star to be observed at S, out of the meridian ; ite 
meridian distanee ZPS can be computed, by subtracting the stars 
right ascension from the right ascension of the meridian (see page i a;). 

P S, the polar distance, is also ohtained by subtracting the star s decli- 
nation from 90°; and the altitude SH is got by observation. Let 
Z PS = A; PS=y>; SH=a, andZS=90 °-a= 2. . 

Draw S A perpendicular on the meridian ; then Z A is less man 
Z S ■ for Z A is less than a quadrant, and therefore the opposite anme 
Z S A is less than a right angle ; and therefore Z S opposite to the 
right angle A, is greater than Z A. Then, A being nearer to Je 
zenith than S is, A has a greater altitude than S. This being the 
case, let x be supposed to have the same altitude as the star o. dnen 
P X is the (quantity to be subtracted from the altitude of x, or oi the 
star S, in order to find P O or the latitude. , 

Now P 07 is evidently the same as PA- A a;, and therefore sub- 
tracting this from the altitude ct, we shall have 

the latitude^ a~-JP A+A x. 

And it remains to assign values to P A and to A x, in terms of the 

a, a plane teiangle, its longet. idc 
P S being only about 90 minutes ; and therefore 
P A= F S . cos 8 P A ; or 

i«t Oorrection = polar distance x cos meridian distance, or p . cos h- 
TJie latitude = a — p .cosh Ax. 

The little term A x still remains to bo determined. 
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Z S - Z and therefore cos Z 8 = cos Zx ; but by the spherical 
triangle Z S A ; cos Z 8 cos Z A. * cos A. S» 

cos Z X ^ cos Z A . cos A 8 (i) ; 

but Z X = Z A Ax, 

cos Z X = cos Z A , cos Ax — sin Z A . sin Ax; 

but since A a; is very small, its cosine may be taken as unity : 

cos Z X = cos ZA — sin Z A , sin Ax, , ( 2 ). 

And equating these two values of cos Z x, given in (i) and (i^) ; 
cos Z A , cos A 8 = cos Z A sin Z A , sin A x. 


And therefore by transposition — 

. dn Z A, sin A x = cos Z A ^ cos Z A , cos A Sy 
= cos Z A , 2 sin^ 

2 

and dividing by sin Z A, 

A 8 

dn Ax - cot Z A ,2 dn^ — -i. 

2 


In this formula, Z x may be taken for Z A, from which it diifers very 
httie, and then as, cot Z x = tan x 0, or tan a, 


dn Ax = tan a . 2 dn^'^^^ 
2 

A 8 

But rince A x and ——are small quantities. 


(3). 


dnAx= (A x)" sin 1 ” and dn 

( A 

written for the number of seconds 


A S 

in A a; and respectively ; 
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And by the triangle A P S, A /S = S P . sin S P A = p , sinh ; 

= -^ (jP sin hf sin^ i". 

Therefore, substituting for sin A and for % sin^ in equation (3), 

% 

and dividing by sin i", 

(A a?)" = ^ tan a . {p sin Kf . sin i". 

And therefore, finally, the equation with which we set out, viz , — 
latitude = a— AP + Aa;, 

becomes 

latitude = a — p . cos A + i a , [p , sin hy . sin i”. 


When h, which is the star’s westerly meridian distance, is under 90° 
or over 2^70°, cos h is positive ; but when it is between 90° and 
cos h is negative^ and p . cos A, or the first correction, becomes addi- 
tive instead of subtractive. 

The values here given of the first and second corrections of the_poZc- 
star's altitude, are the same as those given in the “ Preface to the 
Nautical Almanac,’' and there employed in the computation of Tables 
L and 11 . 

Tho second torxn of tUe oorrootion J tan a . (p sin Ji)’^ , sin i", may be put into a 
form rather more conveuiont for computation If p be estimated in minutes instead 
of seconds, it booonies 

^ tm a , (p sin h )^ . sin i\ 

And this may now bo reduced to seconds by multiplying by 60, when it becomes 
$0 tan a , (p sin hy . sm i'. 

But 30 sin f a ~^-vory nearly ; 


„1_ . tana,(p sin %)% 

800 

will now represent tlio second oorrootion in seconds, but again 
(p.dnhy » (P^ . sin L Py 

sst AS^ 

= 8P^ - p^® 

= (NP-f- P^) • (^P ^ P^) 

s= {polar distance + first cor ) . (polar dist - ist cor ), 
therc^foro the expression becomes 
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Method of finding the Latitude by Altitudes of any Celics- 
TUL Object when it is neab the Meridian. 

la fte annexed figure, Z P is the meridian, Z the zenith, P the 
pole, Z P the colatitude, S the place of any celestial object at the 


Fig. 32 . 





time of ohsOTTation ; z its zenith distance, p its polar distance h tho 
kooi «gle or drs^ooe ; then h} spheriSS^tSV- 


mz = oo»p cos I’ + ainp sin V cos h; 
or, if I = latitude, 

• eo8z= eosp sin I + sin p cos I cos h 


(0- 


““ mi, I 

q^,i“ ft*" the .onith 

(^ - 0 = cospsinl+sinp COS I . . 

the dibenee between eqi^hon, ' 

- cosz^ sinpcosl.ism^^h /V 

^o^^-mh^asirv^^A. , ' ' 

Also cos {z-r)- cos z = 0 . 

= nearly, 

’^^-r&rz- I vhich mav h. i 

^ a ^ with impunity, the 

quantity being rery small, as the ohiV^t • 

ni«idta; '""'■^“‘““PP-eatobeneartl.e 
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Substituting this in eq^uation (3), and dividing by 
sm {z --r) , smL = sinp .cos I , sin^-^y 

sin - = sin p . cos I . cosec (z 
whcnco the seconds in r = sin p . cos I . cosec {z 

nearly, r being a small quantity. 

The red/uMion computed from this formula is to be subtracted from 
the zenith distance of the object at the time of observation, when the 
object is near its upper transit, or added to the zenith distance deduced 
from observation near the lower transit, to obtain the zenith distance 
at the time wW the object passes the meridian. 

Tlio factor is given in Table XI. 

svn I 

The declination has not been considered as chan^ng, and is, there- 
fore, to bo taken out for the Qreenwieh date of the observation ; and 
when several observations are taken, the declination must be taken for 
the Oremumh date, corresponding to the mean of the times of observ- 

ation- . . , 

If the meridian altitude be not observed, the meridian zemth dis- 
tance may bo computed, by adding the latitude and declination ti^ether, 
when one is north and the other south, and by taking the difference 
iKitweou the latitude and declination, when they are both north or both 
south. 


— }•) . ain* - , 
a 


- r) X 




To ifiNT) TiiB Hour Angle or Meridian Distance oe ant 

OlOLEHTIAti ObJBOT EKOM THE OBSERVED ALTITUDE. 



the object Z Z T S the hour angle or mendian distance, 


Fig 23 • 



7» 
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Let the altitude =«, the latitude = ?, the Z ZPS = A. Then by 
the sphencal triangle Z P S, 


cos 


p 3 — ^ P * ^ 

sin p . sin 1! 


cos h = 


sin a 


cos p . sin I 
sin p , cos I * 


.■.i-mh=i~ <^o^P-sinl 

sin p . cos I 

% sin^ ^ A = ^^^P • ^ -h P * ^ ^ 

sinp . cos I 

= (y ~~ ^iy^ CL 
sinp. cos I 


(!)• 


But m (jp -j- ?) — = r^cos \ {p -\-l a) » sin i (p 

and if ? -f- ^35) be represented by S, 

3 S — ^ Z — ^ ^n, 

a S — a a = p-^l - a 

. , ® *“ ^ = i 

.•. m (jp -f- Z) — a = cos S . sin (S — d) 

And this substituted for the numerator in equation (i), dividing: by % 
and taking the square root, 

sin halfjiour angle = . / S . sin (S - altitude) 

V cos lot. sin polar diet 

The method of finding the time at any place from the hour angle 
computed by means of this formula is explained in the practical 
portion ot the course, at page laj. * 


On tU Bmng amd Setting of Oehstid Objects, Twilight, ^o. 
Resuming the equation (A) of the preceding demonstration, 


mh = - •cos p , sin I 

sin p . cos I 


(A). 


be tefen to repi^t the Talue of the hour angle or meridiardltoiie 
at the tune of the rising or setting, formula (1) becomTs 


COS H = 


cos p . sin I __ 

^p . cos I ^ <iot p . tan I 


(.<)■ 


The negeti,. .ig. which is foued attached to the secoad side of 
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the equation is to bo explained in the fono\^ing‘ manner : if p, or the 
polar distance, be less than 90°, H, the hour angle, is greater than 
90 , and so eos H, negative ; otherwise, the anonaaly is presented 
of a positive quantity equal to a negative one. And again, if the 
polar distance p be greater than 90®, eotp becomes a negative quantity, 
and the second side of the equation is then positive, and therefore the 
hour angle H is then less than 90°, or 6 hrs. 

Hence, when the polar distance is greater than 90°, the object 
rises and sets at less than 5 hrs. distance from the meridian ; and con- 
versely, when the polar distance is less than 90^^, the object rises and 
sets at a greater distance than 6 hrs. from the meridian. From this, it 
naight be inferred that when the polar distance = 90° the meridian 
distance will be = 6 hrs. ; and this is also home out hy the formula (i) ; 
for if 90*^, cot p = o: hence the second side of the equation 
vanishes, and therefore also eos H = o, and consequently H = 90^, or 
6 hrs. 

The polar distance of a celestial object is estimated from the pole 
of the heavens which is elevated above the horizon of the observer, 
that is, from the Nortli Pole in north latitude, and from the South Pole in 
south latitude ; and hence the polar distance is less or greater than 90°, 
according as the object and the zenith of the observer are on the same 
side or on diflFcrent sides of the eqnator ; in other words, as the lati- 
tude of the observer and the declination of the object are of the same 
or different denominations. 

Thus in north latitude, when the sun has south declination, bis 
north polar distance is greater than 90°, and then the sun will rise 
and set at less than 6 hrs from the meridian, and therefore remains 
less than lah. above the horizon. So, when in north declination 
the sun continues visible for more than 1% hrs. When his de- 
clination is o, as it is at the time of the equinoxes, the day 
(abstracting the effect of refraction which will extend its duration) is 
I % 1 l in length, in whatever latitude the observer may he placed. The ~ 
day and mglit are equal at these times at every place on the earth 

We may now inquire what effect will he produced hy vjarying the 
latitude in the same formula : in the first place, if the latitude I = 0, 
then tan I also = o, whence cos H= o, and consequently H = 90°, or 
6 h,, wlxatcvcr the polar distance may be. 

If the object he the sun, then it follows that,^ to a person situate 
at the equator, the sun will remain above the horizon h and below 
the horizon or the days and nights are equal at all times of 

the year, or whatever he the sun’s place in the ecliptic Moreover, it 
appears that at the equator every parallel of declination is bisected hy 
the horizon, for every star remains as long above as below the horizon. 
This is also accounted for hy the fact, that both the poles of the 
hcMivens arc in the horizon ; the elevation of one pole and the de- 
prcHsion of the other being always equal to the latitude of the place 
of the observer, which is in this case nothing ; hence the horizon will 
be an hour circle or meridian of the heavens, and is, moreover, the 

s 
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six o’clock hour circle, for it is at right angles to the meridian of the 
observer. 

Lastly, if eot p . tan I should be greater than i (which is always 
the case when the latitude I exceeds the polar distance p\ the value 
of eos H is impossible, for cos H cannot be greater than i : and 
therefore the hour angle at rising or setting could not be computed 
from the formula : and this is the way in which the equation indicates 
the simple fact, that any star whose polar distance is less than the 
latitude of the place of observation never meets the horizon of that 
place, and therefore can never be said to rise or set. This is the case 
with the stars of the constellation Ursa Major and others viewed in the 
latitude of London, and with the sun himself in the polar regions. 
The sun’s greatest declination is about 2^3° and therefore his least 
polar distance about 66 ^ ; and therefore in a higher latitude than 

this, the sun may be seen to complete his daily course without sinking 
beneath the horizon. 

One of the objects of the preceding remarks has been to show how 
a concise mathematical formula such as equation (i) embraces all the 
geometrical features of the problem to which it belongs, and the 
method of translating such expressions so as to extract from them all 
the vanous conditions and forms under which the problems connected 
with them may be presented. 

Some of the results which have been deduced may be illustrated 
by the annexed diagram, which represents the horizontal pro- 
jection of the sphere described at page Let P represent the 
North Pole ; N is the north, S the south, E the east, and W the west, 
points of the horizon ; W Q E the equator. The half of the horizon 
W N E IS north of the equator, and the other half W S E is south of 
the equator ; and therefore any object A which rises in the quadrant 
NE, or sets in N W, must have north declination, and its north polar 
distance must be less than 90°, but its meridian distance at rising or 
setting Z S P A, or Z S P A', is greater than 90°. 


¥ig 24 
TQ- 




K/ 





yB 




Again, any object rising at B, or setting at B', has for its polar 
distance P B, or P B', each more than 90°, and for its meridian 
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distance Z S P B, or Z S P B', whicli are each less than 90° ; for the 
SIX o’clock hour circle W P E is at right angles to the meridian. 

Example. — Required the time of sunset on May i6th, 1855, when 
the sun’s decimation is about 19^ 2' N, m latitude iS'' 50' N, longi- 
tude 160° E. 

Here the polar distance = 70° 58' and I - 18° 50' N. 
cos H = cot p. tan L 



Ilencc the time of sunset is about 6 h. 27 m apparent time, and the 
time of sunrise as much before noon, or May 16th, 5h. 33 m. a.m. 
apparent time. However, this must only be considered as approximate, 
for the declination given is that which the sun has at Greenwich appa- 
rent noon. But with the time just found and the longitude, the 
Greenwich date may be nearly ascertained and the declination of the 
sun taken out more correctly, thus : — 


h m 

I)ato at place nearly May i6tli . 6 27 

Longitude 160° E . . . . . 10 40 

Groonwioli date . May 15th 19 47 app. tune. ^ 

JDeoUmtionu Page I 

EqiiaUon of Time. 

V4 N 

+ XI 3 ii ’9 

18 59 42*3 

p s= 71 00 17*7 N. 1? B. 

m. s 

3 53 87 — to app time. 

- 42 

3 53 45 

a 0 
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Hour angle West 
Equation of Time 


p z= ji oo cot 9*536972 

I = 18 50 tan 9 532853 

83 15 cos 9*069825 

96 45 (greatei than 90® because p is less 

387 00 

h m s 
. 6 27 o 

3 53 45 


May 1 6th 6 23 6 55 Moan time of setting 


The time of sunrise on the same day would be about 6 h. 27 m. 
nearly before noon, or the astronomical date of sunrise would be 
May 15th, 17 h. 33 m. ; the Greenwich date corresponding to this is 
May 15 th, 6 h, 53 m , and for this date the polar distance and equa- 
tion of time taken out from the « Nautical Almanac,” are, 


Polar distance, 71° f 53'' 


Equation of time, 3 m 5 3 * 64 s. 


jO = 71 8 cot 9 533679 

Z = 18 50 tan 9 532853 

83 18 cos 9*066532 

96 42 


May 15 th 
Equation of Time 

May 15 th . 


h hl s 

6 26 48 

17 33 12 
- 3 54 

17 29 18 


Ox May i6tlb 5 h 29m. 18 s am civil date. 


It must now be said that the times here computed are those at 
which the sun’s centre is on the rational horizon, not the times of its 
appearance above or disappearance below the horizon at sea 

By reason of refraction, celestial objects appear about 33' above 
the horizon when they are really upon it , and the elevation of the 
eye above the sea on board ship enables us also to see a few minutes of 
space below the tru6 horizon ; for instance, when an object appears m 
the horizon to a person whose eye is at the level of the sea, it wjll 
appear to have an elevation of 3' 56" to a person who is raised 16 
feet above the sea. Besides, the sun has a disc whose semidiameter 
is 16', and conseijuently, if we understand by its rising the first ap- 
pearance, and by its setting the vanishing, of the upper limb, the cir- 
cumstances here mentioned will accelerate the first appearance and 
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retard the final disappearance of the sun by as much time as it will 
take for him to rise or sink through a space equal to the sum of the 
dip, refraction, and semidiameter. 

§. Supposing the height of the eye to be i6 feet, and therefore the 
dip 3' 56", the semidiameter 16', the refraction 33'^, the sum of these 
will be 53' nearly, and when the sun’s upper limb just appears at the 
sea horizon, the sun’s centre will really be 53' below the rational 
horizon, or will have a depression of 53'. 


For a star, the dip and refraction only must be taken into account. 


The formula for computing the meridian distance, and thence the 
time at which a celestial body will have any given depression below 
the horizon may be readily deduced from what has already been 
done, for we have only to write — d for + a, when the formula 


becomes 


and reducing 
for i (JP + 1 


ain%h = 

8 tn p , cos I 
sinp , cos I 

this by the principles of trigonometry, and putting S 

+ d) 


sin^ h 


/ ^ • €08 ( S — d) 

^ sin p . cos I 


in which d represents the depression below the horizon. 


This formula will serve not only to compute more correctly the 
time of the rising and setting of the heavenly bodies, but also the 
times of the beginning and ending of twilight, and other interesting 
problems of the same class. 

With respect to the twilight^ it is generally agreed that the atmo- 
sphere* ceases to refract light when the sun has sunk 18^ below the 
horizon, hence writing 18° for d in the formula last ^ven, the sun’s 
meridian distance and the time may be found when twilight begins or 
ends. 

As, however, the declination is required in these computations, and 
therefore a Greenwich date, it is necessary to assume a date : or to 
compute the time approximately first, with the declmatiou at noon, 
and then having found the corresponding Greenwich date, correct the 
decimation and recompute the wnole. When the object to which the 
calculation relates is a fixed star, the process is more simple, since the 
star’s declination may be considered as constant ; and it will be suffi- 
cient to take it out for the day of the month. 
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Mmmple . — At what time did Altair rise on August iqth i8<<; 
in latitude 51° 39' N, longitude 18° 00' W ? Height of eye 18 feet! 


• • 4 T X Decimation . . 820 24 8 N 

Eef. . 330 

North polar distance . 81 30 3/; *2 

Actual depression 37 11 ^ 


— — — 

Depression ... 

Latitude . . . . . 

Polar distance 

- 0 i a 

. a = 0 37 II 

Z = 51 29 0 SCO *205692 

. . i? - 8r 30 35 cosec *004786 


2) 133 36 46 


0 9 ‘963400 

b — a 66 n 12 C 03 9 ' 6 o 6 i 32 


2) 19 • 780000 j 


^ hour Z. 5 ° 55 6 sin 9*890000 


Hour Z. loi 50 12 


407 20 48 

hour angle 6h, 47ni 208 s. 

PFcs^emhour angle 17 12 39 2 

Western hour angle . 

Altau-^s E A 

h m s 
. 17 12 39*2 

add 19 43 44 9 

(Kejecting 24 h ) R. A of meridian . . . . 12 56 24*1 

R A of mean sun at Greenwich mean noon . , 9 49 ^ • 2 

Time at place (nearly) ..... 
Longitude m time W 

Ang. X9th 3 718*9 
. . add 112 00 

Corresponding Greenwich date . , 

Aug, 19th 4 X9 18*9 

On Aug r9tli, at noon, mean O’s A 
f 4 li ... 
Accieleration for < 19 m 

( . . 

h In s 

• * • • 9 49 5 2 

• . . . 39*4 

• « • . 3*1 

• • • . *1 


9 49 47 8 

R A ofmOTidian . . 

R. A of mean 0 . . * 

m. s 

12 56 24*1 

9 49 47 8 

Date at place, of starts rismg 

Aug. 19th 3 636*3 
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To FIND THE EaTIO BETWEEN A SmALL BbEOR OF ALTITUDE AND 

THE Error in the Hour Angle computed with the Alti- 
tude. 

Commencing witb the fundamental equation, 

COB z - cos p . sin I -f- sin p . cos I . cosh . . . (i). 

Where z = zenith distance, p polar distance, I latitude, h hour 
angle. 

Then if with a zenith distance z + a;, the computed hour angle 
change to h + y, where x and y are supposed to be both small, the 
problem proposed is reduced to the inquiry as to the value of 

or y being the error of the hour angle, and x the error in the 

y ^ 

altitude. 

And in the first place equation (i) becomes 

cos {z + ^) = cosp , sin I -f- sinp , cos L cos (h y) .... (^2)^ 

Next expanding cos (z + x) and cos (h + y\ and noticing that 
CM X and cos y will be very nearly = i, 

cm z - du % , sin iXisscos p . sinl + dn p .cost , cos sin p .cost . sin h dn y ( 3 ). 

And now subtracting each side of this equation from the corre- 
sponding Bides of equation (i), 

sin z . sin x ^ sin p cos I . sin h . sin y ; 

sin y y y sinz . . 

■■■ Ai - ^ - Sp..ml.,,ink ■ ■ ■ ■<+)• 

But am p • sin h = sinz, sin azimuth (see figure, page 258 ;) 

y error of hour angle _ i 

* * X error of altitude ~ sin azimuth , cos latitude 

= cosec azimuth . sec latitude 

or error of Imr angle = {error of alt ) . coseo az, sec, lat .... (5), 
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Btit tiie resnlt here obtained can be much more readily deduced by moans of tli# 
differential caleulns , for differentiating equation (i) with respect to z and h, 


— mi z = — mn p . coal • sin % 


dh 
d % 


d h ^ sin z 

d z mi p . cos I sin 7i 

and this equation agrees with that maiked (4), d h md d z here lepresenting the 
small errors denoted by y and a; above, and the reduction to the form ( 5 ) being com- 
pleted as before. 


From the equation (5) it may be seen that any small error of the 
altitude will produce a smaller error in the hour angle, the smaller the 
factor coBBc azimuth is. Now cosec azimuth is least when the azimuth 
is 90^, for then cosec azimuth = i. When the azimuth is 90®, the 
object is upon the prime vertical, and bears E or W, and we learn 
that the nearer that any object is to the prime vertical at the time of 
observation the better will that observation be for the computation of 
time. 


Method of Computing the Azimuth. 

I. With the Altitude, 

Let A ZP be the meridian of the place of observation, P the ele- 
vated pole, Z the zenith, S the object; then AZS is the azimuth 
from the north in south latitude, or from the south in north latitude* 


Fig. 25. 



Now cos jSZP = cos AZjS, 

and therefore 

r AZS = "" ^ ^ 

sin z . V 

Where = P 8 ,z = = P Z. 
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Or if = tbe altitude of S ; and I the latitude of the place of 
observation, 

A rr a COS p -- 81% a , siu I 
— COS A. Zd ib = — ^ ; 

cos a . cos I 

A rr a COS a . COS I + COS p ^ siu a . sin I 
COS a , cos I 

But I - cos AZS = 2, sin^AZSf 

and cos (^3^ -4- Z) = cos a cos I — mi a sin I 


* /I ^ cf COS (cfi "4” V 

% sin % A Z S = ^ 

cos a , cos I 


• (i)- 


Again cos (a T) eos p — % cos ^ (a, 1 p) . cos^(a -{-I — p), 

and ifa^ = a p; % S - up = a I - p, 

and 8 = ^ (a I p) ; 8 — p = ^ {a I — f) ", 


Therefore cos {a V) cos p = % cos 8 . cos (8 — p ) ; and this 
substituted for the numerator of the fraction on the second side of 

equation (i), gives 

. / cos 8 . cos (8 -r polar dist.) 

S,niAZS. V :J'l3 ' • ■ 


a. When the altitudes are taken in the morning or evening for 
time, if the bearing of the sun be also observed, then after the hour 
angle P ft computed, the azimuth may be computed thus : — 


Sin {A Z 8 or 8 ^ sin P 8 , 

~sm P Z 8 ’ 


r.Sm{AZSor8ZP) 


am p . sin P 
sin z 


s in polar dist x sin how angle 
~ cos alt. 


3. When the object is near the prime vertical, some doubt may 
exist as to vrhether the azimuth AZS computed from this formula is 
greater or less than 90°. This doubt may be resolved by computing 
tti® altitude of the object when on the prime vertical, and if this be 
less than the true altitude deduced from the observation, the azimuth 
will be less than 90° ; but if the altitude deduced from the observation 
be less than the altitude on the prime vertical, the azimuth will he 
greater than 90°. 
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4. To compM the Altitude of the Object when on the prime vertical. 

Let S be the position of the object on the prime vertical, then 
P S IS its polar distance, W S its altitude ; and in the right-angled 
triangle P Z S. 


Fig 26, 
yr 




t ® 

56 1 


s; 


Cos SZ = 


'eos SP 
cos P Z^ 


or sin = 


cos SP 
sin PN 


P N IS the elevation of the pole = latitude of place. 


.% sin {alt.) 


cos polar distance 
sin latitude ’ 


or sin (+ alt) 


sin declination 
sin latitude 


The sign -f to he taken when the declination and latitude arc both 
N or bolii S, and the sign — (signifying depression below the hori- 
zon), when the decimation and latitude are of contrary denomina- 
tions. 

f- 

5. When the declination is greater than the latitude, 


sin declination 
sin latitude 


is greater than i, 


and, therefore, there cannot he found any altitudes on the prime 
vertical ; in other words, the object does not pass the prime vertical 
at all. 

This ana^tical result may be graphically illustrated by the annexed 
igure: NESW again represents the horizon, WZE, the prime 
vertical : W Q E, the equator. 
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Fig 27. 



Z Q is the latitude ; X Q, the declination of an object at X, is 
grcatei' tban^ the latitude Z Q, The object X is carried by the 
diurnal rotation round the dotted circle, and therefore never meets 
the prime vertical at all 

Again, the circle F G represents a parallel of declination on the 
other side of the equator from the elevated pole, and a body moving 
in this circle rises at G and sets at F, and does not meet the prime 
vertical above the horizon N E S W. 

The sun at the equinoxes is in the equator W Q E, and then rises 
at E the east point, and sets at W the west point of the horizon. 

If another parallel of declination were drawn cutting the meridian 
between Z and Q, it will be readily seen that such a parallel would 
cut the prime vertical W Z E, in the diagram, which represents the 
visible hemisphere above the horizon ; and therefore any object appa- 
rently moving on such a parallel might be observed on the prime ver- 
tical. The decimation ox this parallel would be less than Z Q ; that 
is, less than the latitude of the place of observation ; and hence this 
is the test of the visibility of a celestial object on the prime vertical. 

decimation must be less than the latitude^ and the latitude and 
dedination must be of the same denomination. 

In the example at page 129, the altitude = 49^ 10', latitude 
40' S, polar distance 67° 21', and computed hour angle = 45° 3'. 


Hour angle . . 

0 / 

45 3 

Bin 

9*8/19864 

Uoltu’ diBtanoe 

67 21 

Bin 

9 965 '45 

Altitude . . . 

. 49 10 

COB 

9*815007 

9'8rj485 

or .... . 

87 19 
. 92 41 

sin 

9*999533 


Now one of these is the azimuth from the north, and the other 
from the south point of the horizon. But which is the azimuth from 
the N : the acute angle 87® 19', or the obtuse angle 92® 41'? 

O / 

Folar (listanco , . . . 67 ar cob 9*585574 sxu doc 

Latitude , . . , 32 40 sm 9’ 733193 


Altitude on prime vortical 45 31 sm 9*853381 
Altitude at tune of oba . 49 10 . 
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Tlie sun is therefore past the prime vertical, and the azimuth 

N 87^ 19*^ E. 

No doubt can arise when using the formula (%) at page 2^6 5, and 
therefore in ca^ like the one here given it is to be preferred. 


Method of Computing the Azimuth without the Altitude. 

T. With the time at place and Greenwich date the meridian dis- 
tance of the object can be found, and then the polar distance, latitude^ 
and meridian distanM are the data with which the computation is to 
be made. 

^ 2- See figure, page 254, SP, PZ, and the contained angle P are 
^ven ; therefore bj Napier's analogies, 

= sini{SP ^JPZ).coseei{SP + FZ).cot^I>. 
emiiSP - P Z) .eec I {S P P Z) . cot ^ P. 

When<^ Z and S can be found ; noticing that the greater angle is 
opposite to the greater side ; that Z is the azimuth from the north 
in imrth latitude, and from the south in south latitude; and that 
i (2 + S) is always of the same affection as (S P + P Z). 


To Compute the Amplitude op a Heatenlt Body. 

The amplitn^ is the angular distance of any celestial body from 

setting ^ The 

am|mKteis complement of its a^dmuth at these times 

Now refemng to the mrestigaiion at page 265, 

- cm AZ 8 = <^P - sina.sinl 
f COS a . cos I ’ 

^ at the riring or setting of the body the altitude (a) - o anH 


-m>A=^ = 

COS I 


cos p .seel 


(1). 


ve^el,, .hen^ . A . -d 
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latitude, when the declination of the object is north, the object rises in 
the N E and sets m the N W quarter of the horizon, as at a; and a:' , 
and in north latitude, when the declination of the object is south, the 

a 8. 



object rises and sets in the S E and S W quarter respectively as at y 
and y\ Therefore the amplitude Ey, Wy', Ea;, Wa;', will be 
northward or southward of E or W according as the declination is N 
or S. 


Again, if p = 90°, since eos p will then = 0, so also cos A = 0, and 
A = 90°, or the object will rise and set at the east and west points 
the horizon respectively. 

Now A = the complement of the amplitude, and therefore by 
equation (i), 


Sin amplitude = sin decUnatm, x sec lot. 


or in the figure, since P y' = the polar distance, and P N the eleva- 
tion of the pole or the latitude of the place of observation, and NPw' 
is a right-angled spherical triangle. 


Cos If y' = 

cos P If 


or, 


sin Wy' = cos P y' . see P If, 
sin amplitude = sin declination x sec latitude. 


MRTHOD OI’ OTNDIITG TUB LATITUDE AND LoNQITUDB BY MEANS OE 

TWO Altitudes, and the ooebeot Geebnwxoh Date deduced 

K’JIOM A OHRONOMETHE. 

About thirty-five years ago the late Mr. Ivory gave, in the “ Philo- 
sophical Magazine,” a, solution of the double Altitude Problem, show- 
ing how both the latitude and middle time at the place might be 
computed from the altitudes, elapsed time, and the mean of thedecli- 
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nations at the times of observation ; and he gave also the first term 
of the correction of both for the change of the sun’s declination in the 
interval. In a subsequent number of the same work, the problem for 
latitude was much simplified by my father, and in the form in which 
it was put by him, it has since been published in many works on 
Nautical Astronomy, both in this country and elsewhere. 

About midsummer, 1849, it occurred to my father, that besides the 
latitude, to the finding of which the problem bad been exclusively 
applied in practice, the longitude might readily be determined by it, 
if the times were marked by a chronometer, whose error for Greenwich 
time was known ; and he proposed to effect this by comparing the 
middle time at Greenwich, deduced from the chronometer, with the 
computed middle time at the place of observation. 

Having taken much interest in this extension of the problem, and 
daily witnessed the successful application of it by the boys of the 
Nautical School, I was induced to examine whether the first term of 
the eorreetimB just referred to would give results which would satisfy 
the requirements both of theory and practice ; and I found that for 
latitvde the first term is sufficient for this purpose, but with respect 
to the middle time, the second term of the correction may have a 
value winch ought not to be neglected. The investigation of these 
corrections which follows was first given in a paper printed in 1850. 
— J , E. 


Method of Double Altitudes of the Suk. 

Let A be the position of the sun at the first, and B its place at the 
second observation ; P A and P B, the polar distances are considered 
as equal to each other, and m the practical solution of the problem arc 


29 Eig 30. 



taten out for the middle time ; thus one is always greater, aud the other 
t^ the teulh. A B is an arc of a great circle joining the points 
A and R PC is drawn hisectog the angle B P A, and it therefore 
bisects tne arq is A also ; and Z D is drawn perpendicular to P C. 
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A P B Is the measure of the elapsed apparent time, A P C or B P C 
half the elapsed apparent time. 

A Z and B Z are the true zenith distances, A K and B L the true 
altitudes, Z P the colatitude, P N the latitude. 

In the following demonstration the polar distance is denoted by the 
letter the angle A P C hy H, half the sum and half the difference 
of the altitudes by S and D respectively. 

And the arcs A C, CP, Z D, C D, and D P hy the letters Aj E? I? 
O 5 and (E- 0)? ^-^d they are found in the order here mentioned. 


I. In the triangle A P C, 
or, 

2 ^, In the same triangle, 
or 

3 . The third and fourth 
cussion. 


am A C = 

sin 

AP 

. azw- A P C, 


sin A == 

sin 

p . sin H . . . 

(I)- 

eos AF = 

cos 

AC. 

(?c»a P C ; 


coa P C = 

cos 

AP. 

, sec A C, 


eos E = 

cos 

p , see ... 

(a)- 


arcs, 1 and O, require a little more dis- 


Since P C A and P C B are right angles 

cos ZC A = sin Z C D and Z C B = — sin Z C D. 


And therefore in the spherical triangles Z C A and Z C B 


cos Z A (= 8 iii AK):=i 008 7 j 0 . CO8 G sin ZO . dnOA . sin ZOD . . ( 3 ) 

and 008 55 B ( =;a^n B L) = 00 s Z 0 . coa 0 B — stn Z C ew 0 B . stn Z 0 1) . ( 4 ) 

Therefore by subtraction, observing that C B = C A, 

sin A K — sw B L = a, sin ZC , sin C A . sin ZCD . . (5). 


But sin Z C . sm Z C D = sin Z D, and by substituting this in the 
second side of equation ( 5 ), 

sin A K. — am B L = 2 , sin C A . sin Z D ; 


/. sin ZD - 


A K sin B L 


• (^)- 


And expanding the numerator of the fraction, and denoting 
I (AK + BL) by S, and | (AK - BL) hy D 


smZD 


cos S . sin T> 


sin 0 A ’ 
or sin \ = cos S . sw D . oosec A • 
which is the formula for computing the third arc |. 


( 7 ) 
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4. Taking the sum of (3) and (4), 

am A K + BL = % cos ZC , cos C A.-, 
but cos ZC = cos CD • cos DZ, 

and therefore sin A K -[■* B L = a cos C D . cos D Z . cos C A, 


and 


cos 


CD = A ^ B ^ . 
2, cos D Z . cos C 


And again expanding the numerator, and proceeding as with equa- 
tion (6), ^ 

cosQ-D = ^^S.cQgP . 

cos I . cos A’ 

1 A being pat for D Z and C A as agreed upon at the outset, 
O D IS also to be denoted by O- 

cog O = aiw S . cog D . sec A . see I . , (8). 

5- And in the case illustrated by the two diagrams^ 

PD = PC-CD = (E-o) 
and cog PZ = sin lat = cog PD . cos DZ 

= m (E - O) . cos I . . (9). 

6 . The formul® numbered i, 3, 7, 8, 9, are those given in the rules 
at ^e 173, for the practical solution of the problem and thev 
enable us to compute the latitude (nearly). ^ ^ 

^ computation of the middle hour angle, Z P and DZ are 

.-.swDZ = gmZP.sMiDPZ, 
or sm I = eog lat . sin H', 

where H' = Z D P Z, the hour angle at the middle time ; 


.*• sin H' = swi I gee 


(10). 


Which is the formula given for the computation at page 174. 

bl £ at ‘'“e » 

the polar distance 


of 
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Let A P and B P represent the equal polar distances which have 
l^en employed in the previous calculation, and let A P' and B P' be 
the actual polar distances at the times of observation, the corrected 
place of the pole will be P' or j?, according as A P' is greater or less 


Fig 3U 

IN 





than B P'. P P' joining the 'mean place of the pole P to its true 
place P' may also be considered as a straight line at right angles to 
the bisector PC.' 

Make A D = A P, then D P'= error in each polar distance used in 
the calculation, the one, A P, being as much less than A P' as the 
other, ^B P, exceeds B P . Hence I) P^ is half the difference between 
A P' and B P', or half the change of the polar distance in the time 
elapsed between the observations, and can be computed thus 

o={diff. of dscUnation in i hour) x 4 {elapsed time, in hours) (i). 

If P' E be drawn perpendicular to the meridian, the distance of E 
from P will measure how much the corrected position of the polo, P', 
is to the northward or southward of its place found by assuming the 
polar distances equal ; in the case chosen for illustration, P'is north of 
P by the quantity P E, and, therefore, if N represent the north point 
of the horizon, N P will be the first computed latitude, and N E the 
corrected latitude. 

Join D P, which may be considered as perpendicular both to A P 
and A P'. 


Z CPF = Z APD; 

and omitting Z C P D from each of these angles, 

Z APC = ZDPF; 

but A P C is the measure of the half-elapsed time, 

and, therefore, D P P' ; is also = half-elapsed time in arc=* H . . ( 2 ). 
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The angle Z P C, between the meridian P Z and the middle-hour 
circle P C, is the hour angle at the middle time, or middle-hour angle 
= H'; 

But Z ZPC-H Z OPF-f Z P'PE= i8o° 
and ZCPF - 90° 

ZZPC+ZP'PE = 90° 
and Z PFE+ Z PTE = 90° 

Z ZPC = Z PFE 

Consequently Z PP'Ealso = H' 

By the right-angled triangle D P P', 

PP' = D P' . cosec Z D P P' = c . eosee II. 

And by the right-angled triangle P' P E, 

PE = PF. am Z PFE; 

But Z P F E = H' by equation (3) and P F = c . cosee 11 , aa has just 
been shown ; 

Oorrectim of computed lat. = c . cosec H . sin ir= c . (4). 

I. In the case to which the diagram applies, the sun is further from 
the mendian at the second observation than the first ; and, therefore, 
the second altitude is less than the first 

a. Also the polar distance B P', at the time of the second observa- 
tion, is less than A P, the suns polar distance at the time of the 
first observation ; the sun is, therefore, advancing towards tlie polo of 
that hemisphere in which the observer is situate, and therefore the 
days are increasing in length. 

3. In the third place, since the corrected latitude, N E, is loss than 
that which has been found with the equal polar distances, P N tho 
correction P E is suhtractim from P N. ’ 

Hence the Eule. (i) If the second aWnide he less than the Jrsf 
^ (a) the daps be increamg in hnpth, the correctim of the comtmted 
laMtvde is subtractive. * 


Ifeither of the conditions (i) or (a) be changed, the correction 
becomes additive ; but if both be changed, it is stiU subtractive. “ 


The method adopted to investigate the effect of the erroneouH 
elements upon the computed value of H', the hour angle at the miihUu 
tome, IS hnefly this : the effect upon the hour angle at each observ 
IS represented both with respect to the error in the computed lltitull" 
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and the error in the polar distance of the sun ; the expressions are then 
summed up with due regard to the signs, and half the result is the 
measure of the error on the computed hour angle at the middle time. 

of completing the subject, the investigation is appended : 
but the learner had better omit the reading of it until he has mastered 
the article upon equal altitudes, where some of the principal formul® 
here used are explained 

I®t the colatitude be denoted by I, the mean of the polar distances 

I ^ of the declination 

m the half-elapsed time by c; and let the correction of latitude 
determined by formula (4) be denoted by C. 

Now as A F 18 greater than A P by the small quantity c, and 

Ln Z P by the small quantity C, the angle Z P'A will 

be less than Z P A by the quantities 


cot I cot p 

sin h * tan h 


and 


^ cotp cot I 

sin % ' tan A’ 


which arc the measures respectively of the effects of the small dif- 
ferences 0 and C. 

And similarly the corrections on the other hour angle h' are 

= c ^ <^ot p 

'mUTk ' tan It 

C —iP — C — ^ 
sin Ji! ’ tan h! 


and 64 


being additive to Z P B, and subtractive. Hence the total effect 
of these corrections on the half sum of Z P A and Z P B, or on the 
computed middle time (IP), will be expressed by 

i ( “• + ^3 "" <^4) •= ““ i (^1 ^a) — (^2 + ^4) = 


And representing, as before, the middle time and half-elapsed time 
by H' and 11, easy reductions give 


J (iq - c.) = - c . n . r I 

^ sin h . stn K 

i (c. -f a,) = C . am IP . 

sm ih • sm ft 

T 2 
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and substituting for C its value formula (4), and adding, 

sm H 


X = G 


sirf H' — sin eot I . cos H' — cot p cos H 


sin H sin h . sin Ti 

But sin — sin = {sin H' -f- sin H) . {sin H' — sin H) 
~ dn (H' 4- H) . (H' — H) = sin h . sin N ; 

And, therefore, putting I' for the latitude. 


X = € , tan ? . eos H' . cosec Tl — c , cot p , cot lA ... (5), 

which is therefore the quantity to he added to the computed middle 
time to reduce it to the true middle time when the days are lengthen- 
ing, hut to be subtracted when the days are shortening. 

It is to be observed, however, that the sign of the second term 
becomes plus when the polar distance is greater than 90°. 

It is worthy of remark that when the computed middle time 
^ hours, as in the case of equal altitudes east and west 
of the meridian, the value of a? is reduced to 


c . tan I ' . cosec H — . cot p . cot H, 

which is the well-known formula for the equation of equal altitudes, 
and that problem is thus shown to be only a particular case of the more 
general one we have here been discussing, and hence the formula (5) 
would not be inappropriately named the equation of the middle time. 

The first term in the value of x can be put into a form more con- 
venient for calculation, 

C = c , cosec H . sin H' ; 
c = Q , cosec H' . sin H ; 

and this value of being substituted in the first term of equation (5), 
a? = C . tm laiittide . cot H' — <? . cot polar distance . cot H. 


The Direct Method oe Double Altitudes. 

In this method, was stated in the practical part of this Treatise 
observafao^are requisite, and it is a matter of indifference w£tUr 
^e object be obserred twice, allowing some time to elapse between 
the okerrations, or the altitudes of different objects be employed, pro- 
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vided that the places occupied by the sun or stars, at the two epochs 
differ sufficiently, and not too much, in azimuth. Say from 6o° to 

I he data used in the calculation are then the zenith distances, polar 
distances ; and the polar angle, included between the polar distances, or 
circles 01 declination, which pass over the points of the shy which were 
objects when their altitudes were taken. 

The zenith distances are deduced from the observed altitudes, and 
the polar distances are obtained with the aid of a Greenwich date 
from the Nautical Almanac.'’ ' 

xi. ^6thod of finding the polar angle varies with the character .of 
the observation, and must be discussed under the following heads : 

I. AVhen the sun is the only object observed 

3. When two altitudes of the same star are taken. 

3. When the altitudes of two stars are taken at the same instant 

by two observers 

4. When the altitudes of two stars are taken by the same observer, 

^ who must, of course, allow some time, however short, to 

elapse between his observations. 

For the^first of these cases, let. A and B, in the first of the figures at 
page 270, represent the positions occupied by the sun at the times of 
observation ; then, as the westerly meridian distance of the sun is the 
measure of the apparent time, the angles Z P A and Z P B are the 
measures of the apparent times of observation at the meridian N P Z S • 
and the polar angle APB, which is the difference of those times’ 
must be found by converting the elapsed time shown by the chrono- 
meter, into mean time, by allowing a proportional part of the 
daily rate^^ and then into apparent time, by taking account of the 
change which tal<es place in the equation of time during the time 
elapsed between the observations. 

bor the next case, viz., when the same star is observed twice. Time 
enough should be permitted to elapse to allow the bearing of the star 
to change about 90°* The star performs a complete revolution in a 
sidereal day, and, therefore, if A and B in the figure now represent 
the two positions of the star when observed, the angle A 1 ^ B will be 
the same part of a sidereal day as the interval of mean time shown 
by the chronometer is of a moan solar day. And, consequently, all 
that remains to be done is to convert the interval of mean solar time 
into the equivalent interval of sidereal time, and the result is the 
measure of the aiigle A B. Ivory’s method may also be used with 
advantage, and will not inquire any correction. 

In the third place, if A and B represent different stars at the same 
instant of time, the angle included between their declination circles is 
equal to the difference of their right ascensions. 

And for the fourth case, that of two stars, when the altitudes are 
taken by a single observer. Having taken one star, some time must 
necessmily elapse before the arrangements are completed for getting 
the altitude of the second star, and, during this time, the first star has 
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changed its place in the visible JmrdsplieTe of the shy^ by reason of the 
general westward movement of the stars, and the point of the sky 
which was occupied by that star, is now ^to the eastward of it, and 
has consequently, a greater right ascension than the star by just so 
much sidereal time as corresponds to the star s westward naovement. 
Hence the precept — add the sidereal interval to the right ascension of 
the star first observed^ gives the right ascension of the point of the 
sky whose altitude was taken, for the same instant of time at which 
the second star is observed And then the difference between this 
corrected right ascension and the right ascension of the second star 
will be the polar angle. 

The angle APB having been thus determined. In the triangle, 
APB, with A P, P B, and angle APB, find A B and the angle 
PB A. 

In the triangle Z B A, with Z B, Z A, and A B, find the angle 
Z B A, the difference between Z Z B A and ZPBAisZ PBZ, 
when, as in the figure, the great circle A B does not pass between 
P and Z, and the other case may be avoided by a proper selection of 
stars. 

And in the triangle PBZ, with P B, B Z, and the angle PBZ, 
find P Z the colatitude of the place of observation. 


Of Equal Altitudes. 

1. If the times be noted when a fixed star has equal altitudes, cast 
and west of the meridian, on a given night, then, as the elements with 
which the meridian distance of the star would be computed, are the 
same in both cases, the star wiU be eqmdistant from the meridian at 
the times of oteervation, and, therefore, on the meridian at the middle 
time* 

2. If the acstual time of the star’s transit be computed, and compared 
with the mean of the times shown by a chronometer, when the star has 
equal altitudes, the error of the chronometer will be known 

3. But if equal altitudes of the sun be taken, when he is east and 
when he is west of the meridian, on the same day, the meridian 
distances will not be equal, on account of the change of the sun’s 
declinafion m"the interval of time between the observations, which 
will retard or accelerate the time of his second arrival at any given 
altitude which he was observed to have before noon 

4. If the times at which the sun has equal altitudes be noted, it 
follows, that the naiddle time will not coincide with that shown 
by the chronometer when the sun passed the meridian: and the 
wrreetim to he applied to the middle time, to obtain the time by 
the chronometer of the sun’s transit, is called the equation of equal 
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5 - The middle time will be later or earlier than the time of transit, 
according as the western hour angle is greater or less than the eastern 
hour angle. 

6 . We will now proceed to a closer examination of the problem. 
Let Ti and Ji represent the eastern and western hour angles (reckoned 
in time) when the sun had equal altitudes upon a certain day, then 
(^4 Jiours — K) and (24 hours -|- A') will also represent the apparent 

times of observation, and their mean ^ 24 hours-^- ~ will exceed 

'Lt "I ' 

the true time of noon by , or by half the diflFerence of the hour 

% 

angles, provided A' be greater than A, or the westward hour angle 
be the greatest. But the expression for the mean may also be written 
thus — 


hours 




if the eastward hour angle be the greatest; and in this case the 
middle time is before the time of noon by half the difference of the 

1 Tf 

hour angles, or . 

. ^ 

Half the difference of the hour angles is called the equation of equal 
altitudes. 


7- We will next proceed to investigate the expression for the ratio 
of the corresponding small differences in the polar distances and in 
the hour angles of the sun. Commencing with the formula, 

00s z = cos p COB V ~f sin p sin T cosh (i), 

jp, l\ A, being respectively the zenith distance of the sun, his polar 
distance, the colatitude of the place of observation, and the hour angle 
or meridian distance of the sun. 

Or if a and I be taken to represent the altitude of the sun and the 
. latitude of the place, 

sin a ^ cos p sin I sin p cos I cos h (a). 

And from this it is required to find what change takes place in h for a 
given small change in p. And as, in general, h is less when p is 
greater, suppose p + c and A — ^ to be corresponding values of the 
polar distance and hour angle, differing from p and h by small 
quantities denoted by -f- ^wd — e. 

p c and A — e being substituted forp and h in equation (2^), 

sin a = cos (p -f- c) m% I + sin (p 4" I cos (h e) . . . (3). 

This, being now expanded, is reduced to a simple form by observing 
that cos c and cos e may each bo considered - t, and that the product 
of the small fractions sin c and sin e may be neglected altogether. 
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This done, and the result subtracted from the corresponding sides of 
equation (?), it Trill be found that 

imp *co8l, 8i.nh X sme 8%np einl x sin e — cos p , cos h ,oosl X Bin c. 


Whence, hy division, 


szne = wmc 


fian I 
\dn h 


tan h J ’ 


or, since e and e are small. 


/ tan I _ eot p \ 
\ 8 m h tan h) 


Or separating the two terms, 

A = c , tan latitude . coeec Ji 
B = c , tan declination . cot h 
and A B = e. 


( 4 ). 


( 5 )> 


8. If c represent half the change of the sun’s polar distance between 
the mormng and afternoon observations when the sun has equal 
altitudes, and h half the interval of time elapsed, then e is half the 
difference between the morning and afternoon hour angles caused by 
the change of the polar distance ; or ^ is half the difference between h 
and h\ In the investigation it has been assumed that the western 
hour angle is diminished when the polar distance is increased, and 
therefore e is to be added (using the word in its algebraic sense) to the 
middle time when the polar distance is increasing, and to be sub- 
tracted from it when the polar distance is decreasing, to find the time 
shown by the chronometer at noon. 

9 When the polar distance exceeds 90°, the sign of the second 
term of equation (4) becomes positive, and hence the rule, add the 
parte A and B whm the d^clmatim and latitude are of contrary 
demminationi and take the difference when they are of the same 
denommatim. 


10. On formula (5) it may be remarked that cosec h always ex- 
ceeds cot A, and liierCTore, whenever the latitude equals or exceeds 
the declination, A is greater than B 

When the sun’s declination = o, B - o, and when the latitude 
= o, A = o. 


In high latitudes, A becomes considerable and the results less and 
less to be relied upon ; indeed, the best method is to compute the hour 
angles sedately with the correct polar distances, and then deduce the 
error of me chronometer from each observation, and if the observations 
he made when the sun is nearly equidistant from the meridian, with- 
out the limitation of exact equality, the mean of the errors will be 
very nearly the error at noon. 

or there is no instrument which can be called a good equal alti- 
tude instrument. The change of temperature affects not only thq 
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refractions, but the very form of the sextant, and therefore the equality 
of the apparent altitudes cannot be accepted as a proof of the equality 
of the true altitudes. 

No observation should be taken without determining the index 
error ; and curious fluctuations in its amount will be found at different 
temperatures. 

1 1. The error in the hour angle resulting from a small error in the 
latitude with which it is computed may be investigated in the same 
manner, or it may be deduced directly from expression (4) by writing 
polar distance for colatitude, and colatitude for polar distance, from 
whence results 

e’ = . . . (6), 

\ 8 zn h tan hj 

d and d representing the errors in the hour angle and latitude 
respectively. It will be seen that these expressions, (4) and (6), arc 
used in the preceding investigation of the correction to be applied to 
the computed middle time in Ivory’s Method of Double Altitudes.” 
It is evident that the error d vanishes when 
cot f _ tan I ^ 

8 zn h tan h ’ 

or reducing this to its simplest form, 

cot p = €08 h » tan 1 ; 

a condition which only holds when the azimuth or Z Z (see figure, 
])uge 564) IS 90"^. Therefore when the object is upon the prime 
vertical, the error of the hour angle arising from any small error in 
the latitude may m general be considered as evanescent ; and in addi- 
tion to this, it has been shown that at this time any small error in the 
observed altitude vitiates less than at any other time the hour angle 
or time computed with it. 

j a. Maving ol 8 erved the altitude of an object when it is east of the 
meridian^ to find the time nearly when the corresponding equal alti- 
tude may he observed, the star being then west of the meridian. 

Let T » moan time of the transit of the object, and E = error of 
the chronometer on mean time (supposed fast), then T -j- E = the 
time by chronometer, of the star’s transit. 

Let T' = chronometer time of the first observation, then 
T + E - T^ = the hour angle of the object nearly, and this added 
to the chronometer time of transit, will give the time by chronometer 
nearly, of the second observation, which is therefore 

T + 2 E - T'. 

Observing that the hours arc supposed to be counted continuously 
from T' to T, and that if the result of the final formula exceed 1% 
liours, 1% hours must be deducted, in order to find the time which the 
chronometer will show. 

If the chronometer be slow, the formula is 
5^ T - a E -- T'. 
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Investigatim of the Second Method of computing the Equation of 

JEqual Altitudes. 

By equation (4) of the preceding article, 

tan I cot p 
dn p tan A 

Where I = latitude, p = polar distance of the sun, and A *=“ the 
meridian distance. 

Let the colatitude = g, 

Then I ^ cot p _ cot q _ c ot p 
dn A tanh sin A tan h 

- cot q • sin p — cosp . cos h 
dn p • dnh 

' __ cot S 

" dn p 

cot S C . cos jS /_s 

r.e-c c? — * • • 

6 in p sin S • sin p 

Where S = the angle between the zenith distance and the polar 
distance of the sun. 



Again, we have 

cos z = cos p . cos q dnp . dn q . cos A. 

And considering z and A, or the altitude and time only to change, 
during the short period employed in making the A.M, or P.M. observa- 
tions, 

cos z^ = cos p , cos q -f- sin p . dn q . cos 
. • . cos z ^ cos = dnp . sin q (cos A — cos V) 


2 Sin — — , 8xn = sin p 


q. 2. . amA. " \ 

2 2 ^ 


2, 2 

or a . dn z - t . sin p . sin q . sin Ji^ yery nearly. 
Which is obtained by writing a and t for z' - and A' — A ; and z 


and h for — ^ ^ and ' 

2 2 

between ^ and z, and between A' and A are small. 


TOtin| a and t tor z' - and A' - A ; and z 
+ , which may be done when the difference 
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Hence 

and 

But 


a . Bin z = t , sin p , Bin q . sin 

t _ m z 

a Bin j) , Bin q . sin K 


sin^ _ Bin A Z P S 
Bin q Bin A*Z 8 P' 


(see figure, page 254), 


Bin Ji 
Bin S 


t _ X 

a sin p . sin 8 ’ 1 ‘ 


(2). 


Let - be represented by A : it is the ratio of tbe change of tune 

(t 

10 the change of altitude ; then 

A . sinp = A . COB declination = cosec S, . . .(3). 
And by equation (1), 

e “ A . G , COB 8 . 


Or multiplying A by c, and denoting the product by -B, 

e ^ B . COB 8 (4). 

And on the equations (3) and (4) the rules given at page 197 are 
founded. 


To COMPUTE THE ALTITUDE OF A GIVEN CELESTIAL BODT FOR 

A GIVEN TIMH. 


By the equation frequently referred to before, 

, _ COB Z -- COB f * COB V 
COB /I •— - — , — ‘ — — It — * 

Bin p , Bin I 

. •. cos z = cosp . COB V -j- Binp . sinV . cos h 


But m h = (a cos* — i), and tins being substituted for cos h, 
cos z =s 008 p . COB I' — sin p . sin V 2 sin p . sin V cos* i h, 

= cos (_p V) 2 sin p . sin V . oos^ i ^ / 

1 —oosz = I — cos (p + I') — 2 sinp . sin I' . cos* i h; 

2 sin^ ^z ~ a sin? \ (_p -j- O — 2 sin p . sin V . cos* . (1). 

Let i ( p 4 - 2 ') = A, and let angle B bo computed from this equation, 

sir? B = sin p . sin V . cos* j^h (2). 
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Sutetituting siri?’ B for the last term in equation (i), and dividing 
hy2, 

^ z = m? A — J5,* 

= dn{A B) . sin [A — B). 

f .\ If -4 = |- {polar distance -f- colatitvde\ "j 

and sm B = ^ {sin polar distance x sin colat x cos^ hour Z), [ 
sin I zenith distance = V {sin {A B) . sin {A - ^)}. ^ J 

Another method, — 

cos z = cos p . cos I sinp . dn T . 

But cosh = 1 ^ % sin^A; 

* a 

cos z - cQsp . cosY + sinp . sin T — sm . sin X . ^ 

% 

= cos {p -- X) — 2 sinp . sin X . sin^ ~ : 

2 

adding i to both sides, and reducing as before ; writing A for 
i and putting ^ 

sm® B = sin p . sin I' . sin^ ~ 

2 

The r^ult is^ — 


cod-- = cod A -- sin^ B, f 


= eaa (A + B) . cos {A - J5). 

Theiefore, if A = ^ [polar dist, — colat.) 

"d m B - V myoto <(*i. . j 

. /WcaiTBjTWca^ ■ 

The zenith distance havinfr TiApn n^-m x j i 
methods, the true aJtitude is ffund bv 

from 90°. ^ subtracting the zenith distance 


* S$e Note j. 


t Bee Note 2, 
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On the Pbinoiples of the Methods op finding the Longi- 
tude AT Sea by Celestial I^Obsekvation. 

As the longitude of any place is measured by the arc of the equator, 
or the angle at the pole, included between the meridian of that place 
and the first meridian ; and the difference between the time at any 
place and that at the first meridian is measured by a like arc of the 
celestial equator, or a like angle at the celestial pole, the longitude of 
any place would be known, if the mean, the sidereal, or the apparent 
time at the place, and at the first meridian, could be found at the same 
instant. Now, during the apparent diurnal revolution of the heavens, 
the distances of celestial objects from the horizon are continually 
varying, increasing from the time at which they rise till they pass the 
meridian, and then decreasing in like manner till they set. tience, at 
a given place, any proposed altitude of a known celestial object, east- 
ward or. westward of the meridian, corresponds to a determinate instant 
of time ; and the time at any given place may therefore be inferred 
from the observed altitude of a known celestial object. But an alti- 
tude for determining the time should not be observed when the object 
is near the meridian, as the altitude then varies so slowly, that a small 
mistake in measuring it will produce a considerable error m the com- 
puted time, and the nearer the bearing of an object is to the east or 
west, the less effect will any mistake in measuring its altitude produce 
in the time computed from it. 

Now, if a chronometer, keeping mean time, were set to the time at 
the first meridian, it would continue to show the time at that meridian 
to whatever place it might afterwards be carried ; and therefore the 
difference between the time shown by such an instrument, and the 
mean time at any other meridian, determined by observation, or 
otherwise, would oe the longitude of that meridian in time, twenty- 
four hours of time corresponding to the circumference of the equator, 
or to 360° degrees of longitude. 

The simplicity of this method of finding the longitude at sea, and 
the perfection to which the construction oiF chronometers have been 
brought, have combined to introduce it into very general practice, and 
its usefulness has been amply proved. But so delicate a machine as a 
chronometer must bo peculiarly liable to be put out of order, even bj 
causes which are difficult to detect and impossible to avoid; it is 
therefore desirable that, if possible, we should have some independent 
method of ascertaining the time at the first meridian. 

Now the moon revolves round the earth, or appears to revolve 
among the stars, from west to east, with an angular velocity so con- 
siderable, that the instant of time when she is at a given distance from 
a celestial object lying in the direction of her motion, may be de- 
termined with considerable precision ; and from the principles of Phy- 
sical Astronomy, aided by observations, her place in the heavens can 
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now be predicted with sufficient exactness for the practicsal purposes 
of navigation ; and, in faet, m the Nautical Almanac,” the distances 
of her centre from that of the sun, four of the planets, and some of 
the pnncdpal fixed stars that he in the direction m which she moves, 
are given, and published for several years in advance, for every three 
hours of mean Greenwich time, except near the change, when she 
cannot he seen. 

Hence, if an observer can determine by observation the moon’s dis- 
tance from the sun, or any of these stars, he may easily find the mean 
tune at Greenwich, by comparing the observed distancjes with the dis- 
tancses given in the “ Nautical Almanac.” 

But the distances there given are those which would be seen at the 
centre of the earth ; and therefore before any comparison can be insti- 
tuted between them, and distances observed upon the surface, for the 
purpose of determining the Gbeenwich lime, the distances observed on 
the sur&ce must be r^uced to what they would have been if seen at 
the centre. Now the places of celestial objects, as seen at the surface, 
differ from their places as seen from the centre by the effects of 
parallax and refraofaon, which vary with the altitude of the objects ; 
the moon’s place, as seea from the centre being above and that of any 
other celes^ object helmc its place as seen from th^ stirfaxie. 

Benee^ befote ttke tme distance can be computed, the altitudes of 
the objects, a$ well as th^ apparent distance^ must be known. 

In practice the altitudes distances of the objects are generally 
mdasu^ at the same instant, by three different observers, while a 
fourth notes, by a watch, the times at which the observations are 
taken. Several sets of observations should, if possible, be taken, and 
a mean of the whole used as a angle observation. 

Such an observation is called Blmvar dbservaiim ; and this method 
of finding the lonmtude, by the distance of the moon from the sun 
or a star is called ^ metM offafiding the longitude by hmar observa- 
turns. 

In altitudes used only for computing the true distance, no great 
precifidou is necessary ; but an altitude for computing the time ought 
to be taken as exactly as possible. The greatest care, however, is re- 
quired in meaBarinff the stance, as an error of i' in it will generally 
proiace an error of about am- of time, or about half a degree m the 
longitnde deduced fimn it The distance of the nearest limbs of the 
sun and moon is always measured, and their semidiameters added to 
obtain the apparent distance of their centres. The distance of a star 
is measored mm the round or enlightened edge or limb of the moon, 
whether that Itob be thenear^ to or furthest from the star ; and the 
moon’s semkfiamelser is added to the observed distance when it is mea- 
sured from the nearest limb, but subtracted when from the furthest 
Emb, to obtain the apparent distance of the star from the moon’s 
centre 

^ A dexterons observer may himself obtain both the altitudes and 
dfetaiice by taking the altitudes of the objects both before and after he 
measures die distance, noting the time of each observation, and then 
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computing by proportion, from tbe change of the altitudes, what they 
must have been at the time at which the distance was observed. 

Various other methods have been proposed for finding the longitude 
by observations at sea. The methods of which we have here sketched 
the principles are, however, those to which the attention of the prac- 
tical manner ought chiefly to he directed. 

We may restate that, to find the longitude, we must he able to do 
two things, which are perfectly distinct in themselves 5 viz., to find the 
time at the place at which we are, and to find the time at the same 
instant at a place whose situation we know. The former of these is 
found at sea from the observed altitudes of celestial objects, and the 
latter by the aid of a chronometer, or by the distance of the moon from 
the sun or a fixed star, from which her distance is computed in the 

Nautical Almanac.” 

When the apparent motion of a plaijet is contrary to that of the 
moon, the longitude can be more correctly deduced by a lunar distance 
from it than by one from a fixed star ; and, besides, Venus, Jupiter, 
Mars, and Saturn (the planets whose distances, from the moon are 
given) can often be seen when there is daylight enough to take their 
altitudes with every requisite degree of exactness, either for clearing 
the distance or computing the time. 

Altitudes can seldom be obtained at night at sea with sufficient 
exactness for computing the time 5 it will therefore be generally found 
preferable to find the error of the watch from altitudes of the sun 
during the day, and then to find the time at the ship at which a lunar 
distance is taken, by allowing for the error of the watch and the differ- 
ence of longitude between the places where the altitude for the time 
and the lunar distance are measured. It will often indeed be found 
difficult to take altitudes at night with sufficient precision for the 
purpose of clearing the distance ; but as the time may be inferred 
from the altitudes of celestial objects, so, conversely, their altitudes 
may be inferred from the time ; and it will often be found that, at sea, 
the altitudes of stars can be determined by computation with greater 
correctness than they can be observed. 


Lunab Distances. 

I. The true altitude of the sun is found by subtracting the refrac- 
tion and then adding the parallax to the apparent altitude of its centre. 
The parallax of the sun is very small, and is always exceeded in amount 
by the refraction ; tbe true altitude of the sun’s centre as therefore less 
than the apparent altitude by as much as the refraction is greater than 
the parallax. 

a. A fixed star has no appreciable parallax, and therefore its true 
altitude is less than the apparent altitude by the refraction. The 
moon’s parallax in altitude always exceeds the refraction, and there- 
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fore her true altitude is great&r than her apparent altitude by the dif- 
ference between the parallax in altitude and the refraction at the time 
of observation. 

3 . The moon’s bright limb is always turned towards the sun, and 
therefore when the distance between the sun and moon is taken, it is 
always the distance between the nearest limbs which is observed, and 
the apparent distance of the centres is found by adding the semi- 
diameters of the sun and moon ; having first applied the index error 
of the sextant. 

4 . When the distance between the moon’s bright limb and a star 
east or west of her is taken, it must be noticed whether the distance 
is measured from the nearest or furthest limb of the moon. The 
semidiameter of the moon must be added to the distance, if the dis- 
tance of the star from the nearest limb is measured, and it must be 
subtracted when the distance of the star is measured from the furthest 
limb. In all cases the index ^error of the sextant should be first 
allowed for. 





LetZ be the zenith, M and S the places of the moon and sun cor- 
rected for refraction and parallex, and m and s their apparent places ; 
MS the true distance, m s the apparent distance of their centres, and 
let these be denoted by D and d respectively. 

Nowin the triangle w Z a, the three sides mlA^sliy and ms being 
known^ 

eos Z. Z =z ^ ^ ^ Z.eos 8 Z 

sinm Z , sin s Z ’ 

If the letters m and s be now used to denote the altitudes of the 
points m and then m and s are the complements of w Z and s Z, 
and therefore 


cos A Z- 


cos d — sin m , sin s 
cos m , cos 8. 


and adding i to both sides and reducing, ^ 

co^^Z = cos i (m + 8 + d). cos i {m + s - d) . sec m , sec s; 
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and if X be written for f (m + s + d) and (X — d) for 
i{m + s - d), 

€08^ ^ Z = COS X , cos (X — d) . sec m . sec 8 . • . . (i) 
Z Z may therefore be considered as determined. 

Next, In the triangle M Z S, knowing M Z, Z S, and Z Z, the 
distance M S may be found from these formula, 

Let sin 0 = V MZ . sin S Z . cos^ ^ Z .... 
thenm^ = V sin\^^{MZ--\-jSZ)-}-Q'^.sm — ej. 

Or writing M and S for the true altitudes which are the complements 
of the zenith distances M Z and S Z, 

sin 9 = /J cos M , cos S . cos X, cos {X — d ) . sec m . sec s . (2^), 

where it will be seen that the value found for cos'^ J Z in formula (j) 
IS also substituted. By means of this formula {2) the auxiliary angle 
9 can be computed, after which the distance M S = D is found thus, 

sin^ = } sin [I } (5). 

Now i (MZ+SZ) = 90“ - i (iff + 6 ) for, 

MZ = 90° - ilf 
and S Z = go° — S; 

MZ + SZ= 180° - (iir+/S^; 

I {MZ + NZ) = 90° - 4 (IT + /S') ; 

and this being substituted iu the value of dn — , gives 

Bin 2 ^ = V 00 a {4W-f S) +'fl} 7m'(F(^+ /S')“'0} ( 3 ). 

liquations (2) and (3) complete the solution of the problem ; they 
may be thus expressed : — 

(i.) Let sin^ 9 = sec {app. alt. ])). sec (app. alt O) 
cos {true alt T)) x cos {true alt ©) 
X cos (i sum of app. alts, and app. distance, or JQ 
X cos {X -- app. diet) 

(2.) Then sin^ ^ {true dist) - cos (•! sum of true alts. + 9 ) . 
X cos (i sum of true alts. ~ 9 ). 



* Th(‘8e aro convoiiiant foimul^o, when two sidoa and the contfdned wgle of ft 
aplieuoal triangle aro given, and it is icquned to find the romaimng side. 
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Tbe methods of dearing the lunar distance from the effects of 
parallax and refraction are very numerous ; that which is given above 
IS simple and direct, and ^ves the corrected distance without any 
embarrassment of algebraic signs, and moreover has the advantage of 
req^uiring no fecial tables in its application. 


To riND THE Longitude by the Eclipses op Jupiter’s 
Satellites. 

By the immersions and emersions of these satellites are meant the 
instants of their vanishing in or reappearing from the shadow of the 
planet. 

To the mean Greenwich time given in the Almanac for the ex- 
pec^ immerdon or emeraon, apply the longitude by account in time, 
adding it if east, and Subtracting it if w^t, and the result is the mean 
time at the place of observation when the phenomenon may be looked 
f(Mr. 

Be^ to observe a few minutes before that time, and note the 
instant of mean time at which the immersion or emersion actually 
takes place, and the difference between that mean time, and the 
Greenwich time given in the Nautical Almanac,” is the longitude of 
the place in time. 

Thus, if I observe the immersion of Jupiter’s first satellite at 1 1 h. 
2m. las. mean time, and I find by the “ Nautical Almanac” that it 
t^es place at 9 h. 40 m. 15 s. Greenwich mean time, my longitude in 
time must be i h. 21 m. 57 s. east. 
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Investigation op the Method op Computing the Moon’s 
Eight Ascension prom an Occultation of a Fixed Star. 

I. In the annexed figure let P A be the hour-circle passing through 
the first point of Aries ; Z, the reduced place of the zenith ; S, the 


Fig 33 



place of the star at the time of the occultation ; }) the corrected 
place of the moon’s centre, and S' that of the point of the moon’s limb 
at which the occultation took place. Then S S' is the moon’s 
parallax-m-altitude ; P S the star’s polar distance ; P ]) ' the moon’s 
polar distance ; AP S the star’s right ascension, and A P 2 )' that of 
the moon. 

2 . Z P S is the emterhj meridian distance of the star, for S is east 
of the meridian P A, by its right ascension APS, and, therefore, east 
of the meridian P Z, by the angle Z P S. 

3 . The star S, is represented on the eastern limb of the moon, and 
as the moon moves eastward amongst the stars, she will pass over the 
star ; and the figure relates to an immenion, or disappearance behind 
the moon. 

4 . Having taken out from the ‘‘Nautical Almanac” the right 
ascension of the mean or true sun for the estimated Greenwich date, 
the meridian distance of the star Z P S is computed from the formula, 

mer, dkt, = mean time at place -f- J2.il. of mean sun — >l<’s J2.A. 
or, mer. diet. = app. time at place -|- R.A. of sun — ?|<’a 12. A. 

3 . Tlic meridian distance having been found, the angle Z S P, at 
the star, must be computed by Napier’s analogies, with the reduced 
colatitude Z 1^, the star’s polar distance P S, and the meridian dis- 
tance Z P S. This angle shall be denoted by the letter S. 

6 . Let S' D be drawn perpendicular to P S, and S' 0 perpendicular 
to P 3 )'. 

S S' the parallax-in-latitude of the moon = her. par. x sin Z S ; 
or, SS' * II.BinZS, 

If II he taken to represent the moon^s horizontal parallax. 

u 2 
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7. For the computation of S'D we have, then, 

S'D = S'S.sIn S, 

= H . sin Z S . sin S, 

= H.sinZP.sinZPS, 

= (hor. par.) x sm colat. X sin ^^c’sllOur angle (ih 


For the computation of S D, 

SD = S'D.cotS, 
and thence PD = PS — SD, 

or P D = polar distance — S D . • (i^)- 

In the figure Z S is acute. When Z S is obtuse, S D changes its 
sim^ and then ^ . 

PD = *’s polar distance + SD . {^*)* 

9. In the right-angled spherical triangle S' P D, 


cos P S' = cos P D . cos D S'. 

P D is greater or less than P S', according as P S' is greater or less 
than suppose P S' less than 90°, and let x represent the Binall 
difference between P S' and P D, so that PS' = (P D + x)^ 


then cos (P D -f- a?) = cos P D . cos D S'. 


Expanding this, and putting i for the come of the small difference 
cos P D — sin P D . sin a; = cos P D . cos D S' ; 

DS' 

whence sin a; = cot P D . 2 sin® , 

% 

and X - J . cot P D . (D S')^ . sin i" . . . . (3). 

This quantity x must be added to P D when P D is less than 90% 
but subtracted from it when it is greater than 90°. 

PD,± a? = S'P (4). 

10. Now taie out from the Nautical Almanac ’’ the moon’s de- 
clination, and find her polar distance P D and take the difference 
between this and P S'. This difference is 3) ' C. 

Take also the moon’s semidiameter, and then compute the small 
, arc S' C hy this formula, 

S' G = V ( D ’s semidr. + 3) ' C) ( D s seniidr. - }) '~C) . . (5). 


II. Next, the angles S'PD and S'P C arc to he computed, 
‘ Z S'PD = S'D. cosec S'P, 

Z S'PC = S'C. cosec S'P. 
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The quantities necessary for the computation being found as directed 
in (7), (9), and (10). 

12. The angle S' P D, reckoned in time, is to be subtracted from 
the right ascension of the star APS, when the star is east of the 
meridian, as shown in the figure ; but it must be added to A P S if 
the star be west of the meridian ; and the result is A P S'. 

13. The angle S' P C must next be subtracted, if an immersion be 
observed, as shown in the figure ; but it must be added if the pheno- 
menon observed bo an emersion of the star. 

The result of this second correction is the angle A P or the 
right ascension of the moon. 

14. 'Phe Greenwich time is then found by comparing the computed 
right ascension of the moon with those which are tabulated in the 
“Nautical Almanac.” 

15 When the Greenwich time thus found differs considerably from 
that by account, take the moon’s polar distance for a minute or two 
earlier or later, and repeating the computations into which it enters, 
find the corresponding Greenwich time again ; and then, by_ propor- 
tion, the true Greenwich time, or that to which the declination em- 
ployed and the resulting right ascension both correspond, will readily 
be determined. 


Summary. 

(a.) With the estimated Greenwich date, take out the star’s right 
ascension and declination, and the moon’s declination, honzontal paral- 
lax, aiid senudiameter. 

(S.) Find also the star’s meridian distance, and with the reduced 
colatitudc, the star’s polar distance and meridian distance, compute 
the angle S by Napier’s analogies. 

(c.) 'Phe order of computation is then as follows : — 

. S by rule (h) above. 

, A = D ’s hor. parallax . sin colat. . sin %’s hour Z . 
. B » A . cot 8. 
iC = %’s polar dist. — B, 1 
iB is additive when S is obtuse. I 
. D = A* . cot’ 0 . sin i". 

lE = C -j- 11 ) 1 

’ ID is subtractive when C is greater than 90°. J 
. F = moon’s polar dist. — E. 

. G ?= V ( J’s semidr', -j- F) . ( j)’s semidr. - F). 

. X = B . cosec E. 

, . Y = G . coseo E. 


1. 

2. 

3 - 

4 - 

5 - 
6 . 

7 - 

8 . 

9 - 

10. 
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X, reckoned in time, is to be added to the star’s right ascension, 
when the star is west of the meridian, and to be subtracted when the 
star is east of the mendian. 

Y, reckoned in time, is additive at an emersion, and subtractive at 
an immersion. 

These corrections having been applied to the star’s right ascension, 
the result is the moon’s right ascension, with which the Greenwich 
date is to be obtained. 


A Problem:. 

To find tTie position of an unhnown star or comet by its distances 
from two hnown stars. 

Saving taken a series of altitudes of the unknown star or comet, 
and also of the distances between it and the stars with which it is to 
be compared, reduce these measurements to the same instant of time 
by interpolation. The altitudes of the stars may either be found in 
the same manner from observations, or they may be computed. The 
distance between the comparison stars must next be computed from 
their right ascension and declinations. Let p and p' bo their polar 
distances, and a the diffeience of their right ascensions. 

Let also sir? 6 = sin p . sin p* . cos^ ^ 

then sir? = sin ^ ^ 

Clear the distances between the comet and each of the stars from 
the effects of refraction, by means of the apparent and true altitudes, 
in the same manner as for lunar distances. 

With the polar distances of the stars p and^, and their distance (l^ 
which form a triangle having the pole at its vertex, compute the angle 
at one of the stars by the formula— 

o A sin S . sin (S — 

, % sm a . sin p 

where 8 - jp' 4 - d). 

Again in the triangle whose angular points are the comet and the 
two stars, let ^ and represent the distances of the comet from the 
stars, and in this triangle compute the angle at the same star as 
before. 

COS^ ^ S' - S) 

sin^ , sin ^ 
where J (S 4 . S' ^ d). 
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Next when the comet and the pole are on the same side of the 
great circle joining the two stars, take the difference between A and 
otherwise take their sum. Let this difference or sum = Q. 

Then with and Q find the comet’s polar distance, thus : — 


Let <p = sin S' , sin n' . cos^ 

^ a’ 

then sin^ polar dist = sin ^ — }- . sin ““ 


Let this polar distance = X, then the angle contained between the 
polar distances X, and p' is the difference between the right ascension 
of the comet and the star whose polar distance is p\ and the difference 
may be computed from the three sides p\ S', and X, by the formula— 


oos*^ ^ {diff, of R. A 5 .) 


sin /S" . sin (/S'" — S') 
sin X . sin p' 


It should be noted whether the comet is eastward or westward of 
the star fiom which this difference of right ascension is estimated; 
if the comet is eastward, add the difference to the right ascension of 
the star, but if the comet is westw<ird subtract the difference, adding 
24 hours to the star’s right ascension if necessary, and the sum or 
remainder is the comet’s 11 A. 


Geeat Circle Sailing. 

The shortest distance between two places is that which is measured 
on the great circle which passes through them ; it is represented on 
the globe by a thread tightly stretched between them. It may also be 
exhibited on a globe, by turning the globe about until the places are 
both seen to He evenly with the wooden horizon, which is itself a 
great circle. Indeed this, with an eight-indi globe, is as good a method 
as can be devised for observing how the great circle track lies 
bc'tween the given places, and it offers very little more difficulty than 
the drawing of the straight rhumb-line track on a Mercator’s chart 


Mrst Method. 

I. (Ml the place which is nearest to the equator A, and the 
other B. Let P be the pole nearest to B ; then the Z A r B is the 
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difference of longitude betvfeen A and B, and A P and BP are the 
cofatitudes of A and B found by subtracting the latitudes from 90 



when the places are in the same hemisphere, but adding 90° to A s 
latitude when they are on different sides of the equator. 

Then P A will always be greater than PB. Now, in the triangle 
APB, if the distance A B be denoted by d, 

(mi = eo9 a . COB i dn a . nnh . eo6 Z APB; 

P 

but cobY - I — 2 r sm^ 

^ . . P 

Hence cob d - eoBa.cosh -{-Btna^Bm b — zsina , sini • dn? 

. P 

=s (i — a) — 2 aw a . am 5 . bit? j. 

And adding 1 to each side, 

l COB d = 1 -{-COB {b — <i) ^ Q, sin a . Bin b . bw? — . 

But I 4- coa 5 = 2 co^ and i 4- coa (5 — a) = 2 aoa^ ; 

substituting and dividing by 2, 

« d *> b ““ (z • * X * 2 ^P 

cor - = (m^ ^ sin a .Bin 0 . bit? — 


Leftam«,aw5.am* ~ = coa . (i^, 


aoa*- = COB 
2 


— COB . . * 

= Bm |a? .aiw ja; — 


Equations (i) and (2), may he expressed thus : — 

«»*«= ms (hUtu^eA) . cos {latitude B) . «in.* ^^ff^reruie of Imffitude ^ 

2 

^ distmce ^ ^ ^ j ^ latitude) .tin{x-\ diff. of latitude ) . 

These formulae jpre employed in finding the distance. 


fiSiftKate 3. 
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2-. The distance being found, it is necessary in the next place to 
find the latitude of the highest point or V, which is evidently the 
point where the perpendicular P V meets the circle A B. 


d)i A , sin AJB = Sin P . sin PB, 
or, sin A . sin d - sin P , sin a ; 

. . A sin P , sin a 

sin d 


^ multiplying by sin I, 

sin h . sin A = 
but sin h . sin A = sin p ; 


sin a . sin I , sin P 


sin d 


. sin a . sin h . sin P 

sin p = . : 

sin d 


eosilatitudek ) . cos{latitudeh) sin(d of longitude) 

QOS \ tUvVCUUe V ) — • — ^ 

’ ^ ^ sin distance 

and this is the formula for finding the lat. of the vertex. 


3. Again Z AP V is the difference of longitude between A and 
V,"and by the spherical triangle AP V. 

Cos L AP V = tan p . cot b ; 

or, COB diff, long, between A and V = cot lat, of vertex x tan lat, V. 

4. Take any point x on A B, then Z V P is the difF. long, 
between V and x, 

and cos Z VPx - tanp . cot Px 

and cot Px = m Z VPx ,cotp; 

or tan lat, x = cos (diff, long, from V) x tan led, V. 

And this is the formula for computing the latitude of any point 
between A and B. 

And having found the positions of a number of such points, the 
course from each to the next must be computed, and the ship steered 
from point to point. 
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Second Method. 

In tte right-angled spherical triangles A P V and B P V, by 
Napier’s rules^ 

00% A AP V = tan P V. cot P A 
and 00% A BP V - tan P F. eot P B 

00% A B P V _ cot PB 
00% A AP V “ cot P A 

^ V-\^co% A AP V cot PB -I- cot PA 

^ A BPF ^ eo% A AP V cot PB - cot PA 

and reducing this to its simplest form, 

«oe}(2lAPF+ Z.PPTO.flot|(/,APF~ /_ 

an (P A — P P) 

Now P A and P B are the colatitudes of the points A and B, and 
these with the latitudes of the same point will make 1 8 o°, 


and 


/. %m (P A P B) %in (%um of the latitude^) 
^ ^ — P S is equal to the difference of latitude. 


Mor^ver Z APV + Z BPV = Z APB or the difference 
(f hmgt^ between the meridians P A and P B, and 
^ r ^ i V IS the quantity denoted by X in the rules. 

1 difterence of longitude bv L, the sum 

above l^mra difference of latitude by D,'the equation 

eotL.eotX= 

%in I) ^ 

whence tan X = aoe L . cosec S , sin D. 

A 1 ™ middle meridian between P A and 

P^ the angle AP^or BPaiis L, and the angle *P V is X. 

— jg P V is the difference of longitude between the 
vertex V and tte .pomt of middle longitude x: and the angle a: P V 

•l^toiUmddUMsUua^itvmgd, & 
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If P G be tbe meridian of Greenwich, G P V is the longitude of the 
vertex, and G P a; the longitude of the middle meridian, and 

GPV = GPrr - xVY; 

Or, in this case, the longitude of the vertex is the difference between 
the middle longitude and the quantity X. 

The longitudes of V and A being now both known, their difference 
A P V is known. And in the right-angled triangle A P V, 

Co8 L APV=tan:PV.cotPA 

or, coa (difference of longitude A&V) cot (latitude of V) , tan (latitude of A) 

% ♦ . cot (latitude of vertex) = cos (difference of longitude A&V) * cot (Latitude of A) 

which is the rule given at page 59- 


The latitude and longitude of the vertex having been thus deter- 
mined, the latitudes and longitudes of as many intermediate places as 
may be convenient can next be foijind as before directed. ^ 

indeed, in actual practice, after the latitude and longitude of the 
vertex are found, it will be only necessary to assume (yrie longitude^ a 
few degrees ahead of the ship, and compute the latitude of that point 
of the great circle to which this longitude belongs; and having thus 
ascertained the place of one point of the great circle, the ship is to be 
steered for it as well as circumstances will permit. If she attain it, 
another point may then be sought, towards which the ship may next 
be steered, if not, it will be necessary to commence on another great 
circle track. 



300 


NOTES. 


NOTE r 


Meroatob’s Chart. 


JMercator’s chart is so called frotii its inventor, Geraid Mercator, who, in 1569, first 
attempted to remedy the defects of the plane cliaits then in U 30 , by leprc^aoutui'y 
meridians and parallels of latitude by parallel stiaight Imds as in a piano chart:, but 
gradually increasing the length of the degiees ol latitude m advancing^ fioin the 
equator to the poles, so that the rliumb-lmes might be eKtenclod into stiaight hnijs, 
and that a straight line, drawn fiom one place to anothei on the chait, should make an 
angle with the meinhans, expiessing the oouisc between them. 

Mercator seem'a to have employed some empuioal method in tho division of iho 
meridians, the correct pnnciple having been explained in the suhsoqiiont work of 
Mr Edward Wright; published m 1599, entitled “The Coirection of cortam Eirors’ in 
Navigation” Tlie second edition of this work, in 16 lo, was dedicated by Mr Wright 
to his royal pupil, Henry Pnnee of Wales That the meiidional parts wcr(‘ related 
to the logartUmic tangents ot 45° 4 - i the latUude, was shown hy Mr Bond in i645f 
and the problem afterwaids occupied the attention of Mr James Gregory m 1C68. 
Dr. Halley in 1695 —whose paper is punted m No 219 of tho “ Philosophical Truus- 
aetions of the Poyal Society” — and of Mr. Roger Cotes, in his “ Logomotria,’* first 
published in the “Philosophical Tiansactions ” for 1714, No 588. 

It has been shown that the leading pnnciple of Meicatoi’s projection of tho 
surface of the globe upon a plane is, that, at eyeiy point of the surface, file mcreastHl 
breadth*wonsequent upon drawing the meridians paiallel to each other, instead of per- 
mitting them to conveige as they do upon the globe, is compensated hy mortising 
the portions of the meridian m the same latio as the meiidian distanoos are iii- 
cieased. 

So that jf dq represent a very small portion of the equator, and d jp tho correspond- 
ing portion of any parallel, in latitude m, — then uiion tlio globe. 


dp = d q, cos m. . . . . (r), 

and upon Mercatoi’s projection of the globe, 

dp’^dq (2), 


d p' being the repiesentation on Mercator^s chai t of d p upon the globe ; and if d m 
represent an mfimtesimal part of ^the meridian on the globe equal to d q and acliacout 
todjp, 

dp' = dm ^ 

But tlie portion of the meridian upon the chart which ropiescnts dm must be 
^ same latio that d p' exceeds dp, or if d m' ropresout d m upon 

dm' dp' 
d m 'dp 

“0^^ .... by eq^uatioM (i) and (a). 


I 

sm (90° - m) 


_ I 

2 . sm I (90°— m) cos | (90O- m) 

I I 

2 " sm^ ^ ('90°-- m) ‘ cot I (90°— m) 
_ ^ cosec^ ^ (qpQ — m) 

~ cot I (90^ ~ m) 

Therefore the mt^ral is 


m' = loge cot I (9oC> - m) 

= loge cot I colatitude 

mat a® sum of aU the elements d m’ or the length of the meridmn on tho olmrt 
&om lat. 0“ to lat. m = Napeiian log cot J oolatitude. * 
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To adapt ibis to ibo conmion iogoiiihixis, it must be multiplied by 2 302585, the 
Napciian log of lo , and to cxpiefcs its value m nautical miles, it must be mumplicd 
by tbc number of sucli miles in tlio ladius of the teiicstiial sphere; the logarithm ot 
the piodutt of these factois is 3 8984895 

Whence the common rule foi computing the meridional parts, 

log m' = 3 8984895 + log (log cot J colat — 10). 

Now M Delambro has shown m the Coimomance cles Temps for 1805, page 34^,* 
Ibat taking account of tho splicioidal figure of the caith, and neglecting the cube 
and bighci powcis of the small cccentiicity of the meiidians, tho formula for the 
moiidional parts may be expressed by 

log tan (45° + i 

\sheio x' is the gcocentiio latitude, or this foimula may be wnttoh thus - 
m = log cot I (gcoccntiic colat ), 

and IS ihoroforo of exactly the same foim as that which is deduced fox the sphere 
Hence a common table of mciidional paits may bo cmplf)ycd to obtain the ruon- 
dional pails for a given spheroid of small cllipticily, by subtiactmg the angU of the 
v&rUml from tho tiue latitude, using the lomamder as the aigumeni of the table this 
rule is given by Mendoza llios in his nautical tables -jt, p j j-u^ 

M Dolanibre attvilmies tho original discussion of the pioblotn with reference to the 
spheimd to Maclamin, m whose “ Tioatise of Fluxions ” it will bo foimd, at page 71901 

the second, volume (edition of 1 742) , . , , i i i 

Maclaurni mentions a tiact oh tho same subject, which was published in 1741 by the 

a lulo idoutical with that cmiiloyod by Mendoza Eios for deter- 
mining tho maidional parta tor tho sphoioid horn those wluoli aio oompntod for the 

^^a°ho colchratod Gnns=s has, however, exhausted tho subject of such projections, m 
his answer to tho gencial pioblom to njprmnt «/ic pmti of a qivm mrfaco on mother 
qiven mi face, so that the bwillest fails of the lepiesentatimi shatthesmilaitothem- 
respondmq farts of the smface lejjroseiaed-o. piizo question proposed by tho Eoyal 
Society oruoponlingon A tianslation of tho papei is given in the August and 
Scntcmbei Numbois of tho “ Philosophical Magazine for 1828 

One of tho pui poses to winch Moioiitoi’s chait is applied m the modoin prachco of 
Navigation is the projection of great ciioles upion it, indicating tho shpilcst louto fiom 

°"sevmlycais°ago tho Eov Mr Fishoi diow my attention to the feet, that, although 
tho aio not leally circles, yet lor the puiposes of Navigation lai go 

noitiona of Uiini might ho very faiily ropresonted by aies of circles, diftoruig in tlie 
Lm'tha of thiJT radii- with tlio maximum latitude attained by tho ciicumfaeiioes ot 
the c elos Availing himaclf of thiB,Mi Fxslioi anaiigid tlio convenient lulea which 

iiositioh to BUY that iiothmg else so siiiiplo nor so gcneially applicable has yet been 
nwS to . ns these lules do. tiiose cases in which the 

diioot cmplovmoni/of the gioat cuclo would bo inconvcment and dangcious. 

Ill the “ Mouihlv Notices ” of tho Koyal Afatronomical Society foi Mmch, 1858, the 
Asti oil omcr lloval has given a method audits demonstration, fm appioximaiing very 
c^fhoirirtbo S gicat cuclo founded upon tlio oWivaltmn above 

nu^?^tKmc!l ^ics of the projected curve ^ may bo represented by arcs 

of circles’ The^mcihed without tho dimonstiaiion has since 
ItZilogical papers ot tho Boai-d of 'IWo. nor is the mvestigatipn sufhmently 

g.eat cucle sailing the second method at page 58. is espe- 

ol Navigation, and thm efoio would bo out ot place. 

. Trait6 do Navigation, par J.B E do Bouignct ^ Po™. ,18, Wtec to pm»a h toby 

dbcusBcd 
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NOTE 2. 

The form in the textfirom whicli reference is made to this note are of such fic- 
quent occmrence m trigonometrical investigations, that a concise and general method 
of reducing them to others more conveni^t for logarithmic computation is given, 
Wiflhoni a kno*wledge of these equivalent expressions, the succcedmg step of the demon- 
stration in which th^ fanm occur cannot be understood. 

1. To prove dn ^A— sin 2B=sm (A -f B) . sm (A-B) 

m ^A— sin 2B=sin ^A— sin sin 4- sin ^A sin sin ^B 

=sin 2A (i — sm ^B) ~ sin (r — sin ^A) 

=sm ^A cos cos sin ^B 
=sin (A H- B) . sin (A-B), 

2 . To prove cc^ ^A- cos 2B=^ (B + A) . sm (B- A) 

cos ^A— cc® ^=cos ^A— cos ^A cos ^B -f cos ^A cos ^B— cos ^B 
= cos ^A (i ~ cos ^B) —cos ^B (i — cos ^A) 

=cos ^A sin 2B— cos sm ^A 

=ffla (B -h A) . an (B— A), 

3. To prove sm ^A- cos ^B= -cos (A + B) . cos (A-B) 

sin ®A— cos ^=sin ^A— sia ^A cc® ^b -f- sm ^A cos ^B— cos 
=sm ^A (t - cos ^B)— cos (i — sm ^A) 

=sin ^A sm ^B— cos ^B cos ^A 
= -cos (A + B) cos (A- B), 

4. To prove cos ^A-sia 2B=cos (A + B) , cos (A - B) 

cos 2A-san 2B=cos ^A— cos sin ^B -f cos ^A sin ^B-sin ^B 

=cos ®A (i — sm 2B)— sm (r — cos ^A) 

=cos ^A cos ^B— sm ^A sin ^B 
=cos (A + B) . cos (A-B), 


NOTE 3, 

Im a ^herimltrkmgle^’vm I, c, and the contained angle A, c, being very small compared 
vyim a and b; required an expression for the difference of a and 6. 

l>t « = the reqnired difference, so that h-x=a 

Tbm. cos a (XT cos (b—x) =cos h cos c-{- sm h , sin c , cos A . . , , (i)^ 

But cos (h-aj) = cos h . cos a;+sm 6 sin x, 

cwh,(^a?4-«*nh . cos c+sm I . sin c cos A, 

AM toiispc^g , co» JB, and dividing by sfa 5, 

mn z =;»» o . cos A— cot h {cos z-cos e) , , , , ^ 2 ) * 

z=c . COS A~^ coth (<p sin i" 

^ TOlne of » IS eompufed fiom the first term o cos A anrt th^o +h,= 

valne is anpbyed m ascertaiim^ the yalue of the second term. 

Aj>d ^=i-e-c(xtA+icoth(<^-ii?) .iini" 
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iliat wliose angular points are the place of the celestial object at the time of observa- 
tion, the zenith of the place \?hence the observation was made, and zenith of the place 
arrived at 

The given quantities are the distance between the zeniths, estimated by the run 
of the ship (o), the angle between the direction of the sun at the time of observation, 
and the direction in which the ship has sailed (A), and thirdly, the ohseived zenith 
distance. 

Hence, the common rule — 

coi = distance . bos A, 


in which the term icoth , sin i'' is neglected. 

Another example of the application of these foimulse occurs in the method of 
finding the latitude hy the altitude ot the pole-star, m which it hecomes necessary 
to compute the difibioiico between P Z (the colatitude), and Z S (the star's zemth 
distance). The quantities Imown are the meiidian distance h, the polar distance p, 
and the zenith distance z (or its complement, the altitude a), and thence the formula, 

lat = a — p . cos 7 i -f i cot 2; . (p^— c^) . sin i' » 


0 representing the value of p . cos \ which is first computed. 

The same problem occurs again in the investigation of the method of deduemg the 
moon's right ascension from the occultation of a fixed star (page 291), when the 
ddfoienco between P S and P S' is leqmred , . , 

The little term ^ cot 1 ) (o^- x^) . sin i". can be put into a form moie convenient for 

e4aoulation, as shown in the note appended to the discussion of the method of finding 
the latitude hy the altitude of the pole-star, by expressing c and a; in mmutes, and 

obsorvino- that 30 . sm 1' = -L veiy nearly , whence is obtained the value of this 
* ' ” 800 

terms in secondst 

JL cot h . (0 + aj) . 

800 

As DB example of the apphoatm of these foimBhe. let o = i° 6 = 6o°, and 

/A — TT 4.0 icQUiicd the diueience between a and 0 

TlicTd'wt’computahon of a hy the prmciples of spherieal trigonometry may be 
made fiom those foimulm. 


% . / ^ "H <5 

sin — = sin I 

2 \ ^ 


sin c . cos^ ~ 
2 




, . cos 9-736109 

2 


} 


P 

h 60 


i{h + c) 30 30 o 
^ 3 50 21 


Sum 

Diff 


34 20 21 
26 39 39 


19 472218 
sm 9 937531 
sin 8 241855 

2) 17-651604 

sm 8*825802 

sm 9*751549 
sm 9-651964 

2) 19 403313 

gjB 9*701656 


60 24 39 

And tlwefore the differenee between a and 6 is h’ J9" 
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And neixt by the formula demonstrated m tins note— • 

— 0 cos A 

0 6o' . . —log 1*778151 

A 114° . . - cos 9 609313 

24^*40 + log I 387464 

or + 24' 24" 

This result differs already very little fiom the total diffcience obtained by the solu- 
tion of the spherical triangle. Tlie second term being required. 

8 ’^’ («+»)•(« 

e 60' 
a; 24*4 

Sum 84 4 log 1 9263 

Diff 35*6 . . log I 5515 

h 60° . . cot 9 7614 

1735 • log 3 2392 


g of 17" 35 = 15" 18, and this collection is also additui*, (hr 

IS less than 90°, the sum of the two corrections is, theiefoiOi 24' 39"* 18 ugici'inir 
exactly with the previous direct but more laborious computation ’ 

wh^ a celestial body has a small altitude, its distance from any loiiosiiial obu*ct 
measuied, this distance will be very neaxly equal to the clilU'Kiiicd 
S® beanngs or the homontal angle between the voitical planes pusHint? 
^ugh ihe objects obseiv^ If ^ represent the observed distance, the Iiomoulal 
angle, and » the altitude, the angle A between the horizon and the voitieal ciH»U) 
passi^toou-h the cdestial object is a light angle, and the fiist teim of the (lilfoiuueo 
between 6 and 6 vanishes, and tho second teim is 


But this IS only a partieulax case of tho general problem in which botli obiocts have n. 

elevation :^t s = sum of altitudes in minutes, and d = Ihoir difilionce. aiul 
6 the difference of beanngs ; the coneotion of the observed distanced w 


= 00/ - 6» . tarl'J 


NOTE 4 

Mnlllu-w 

ttw phanomauk attending tbe ^eot of the non of a aoioriirtiim of 

•Tportun^ of pretotmltham 

MAGBTEynsH OP Ships 

completing tlm 

nrhen the flip’s head was in different dir^onT^i at w? T? ^*7 
fcUowmg ouoomstonoes ohljamed fluonghout the whXof the ob^tao^""'^ 
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r. When the Load was east, the Yariation differed from the truth; and always on 
tu© same side while the ship remained in the same hemisphere. 

When the head was west, the differences were equally great, hut a contrary 
way. ^ 

3 ‘ The head being north or south made no difference in the variatioUi and it was 
then a medium between what was found at east and at west 

4 At the intermediate points, between the magnetic meridian and east or west, the 
ainoronce from the tiue variation bore a proportion to the angle made by the ship*s 
^ad with the meridian. If the head were on the western side, the diffeience was of 
the same nature as that when the head was west , if on the east side, aa at east 

5. The proportion at the intermediate pomts obeys the following law. — 

As radius 

Is to the difference at east or west (for eight points). 

So IS the sme of the angle between the ship’s head and the magnetic meridian 

To the difference for that angle.* 

Or if the number of points which the head was to the right or left of the meridian 
war© taken as a cottrse, and the difference for eight points, reduced to minutes, taken 
ns a dtstancOf then the difference for the number of pomts was found in the departure 
column of the traverse table. 

6. Tlieso differences were of a directly contmry nature in the south to what they 
were m the northern hemisphere. In the English Channel the compass gave too much 
west variation when the head was west, but m the southern hemisphere it always gave 
too little, and the greatest west variations were found when the head was east. 

7. The differences did not change suddenly on crossing the equator, but ah the way 
from England they diminished giudually, and, to all appearance, as the dip of the 
rioedlo diminished "When the south end of the needle began to dip, the differences 
commenced the other way, and increased gradually 5eis we advanced southward, until, 
liOrVing arrived in Bass’s Btrait, where the south dip is nearly as great as Ihe north is 
in England, the differences hopame almost as great as^when We ffrst Sailed, but, as I 
said before, of an opposite nature. 

The exjperimonts, lately made in England, prove that similar differences^ obe^ng 
the same laws, take place in most or all ships of war, and perhaps they do m merchant 
ships also, for I have found them in vessels of 80 apd 25 tons. Differences were also 
found in other parts, often ^eater than at the binnacles, but these being of less im- 
portance, the diffoicncos only which we observed at or above the binnacles, on dhang- 
ing the ships’ heads from east to wesU are here mserted. 


Sheomess, ‘ Starling * gun-brig, difference of variation 
„ * Holder ’ fugate . . , « • 

,, ‘ Kaisonnable ’ 64, armed e» . 

Portsmouth, ‘ Loire ’ fiigate . . . • 

„ ‘ Devastation ’ bomb . . * . 

Plymouth, ‘Orestes' brig . . • % . 

Channel, ‘Investigator^ armed ship , 


'•a 

7 .29 gfeater 
is j do. ^ 
o 41 do. 

♦a 7 do, 

4 2 do. 
tTncertam 
B 4 gpeater 


In Captain Cook’s ships, the ‘Endeavour* and ^EeSoWon,^ and also in ire-^tes* 
CO very,’ commanded by Captain “Vancouver,' the dilferehees appear to have* been 
nearly the same as in the ‘ Investigator,’ and also of a contrary natmein the two 

spheres.” — v. 


Maximum dev. X sin magnetic bearing of eMp's head =s dev. due to the sMp^ positioii. 
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Figures aot Letters used nr the Boyal Navy to denote the 
Forge of the Wind and the State or the Weather. 

Figures to denote the Force of the Wind, 

O denotes Calm 

j „ Light Air . . 


just guffideut to give . 


% 

3 

4 

5 

6 

7 

S 

‘ 9 

lO 

ji 

tz 


light Breeze 
Gentle Breeze 


! 


with whicli a well-con- 
ditioned man-of-war, 


Steerage way. 
f t to 2 knots 


under all sail* and J » . TmnfB 

dean fall, would go 1 ^ 


I in smooth water 

Moderate Breeze J from 
Fre^ Breeze . 


in which the same 
y ship conld just cany ^ 
dose’ 


1^5 to 6 knots. 

Royals, &c. 

Single-reefs and top- 
^lant sails 


Strong Breeze 
Moderate Gale 
Fre^ Gale . 

Strong Gale . 

Whole Gale . 

Storm { }stonn rtny-Bails. 


Donble-reefe, jibs, &o. 

Tnple-ieefs, courses, 
&c. 

V Olose-reefs, and courses. 

f with which she could 1 Close-reefed mam top- 
\ (mlybear / sail and reefed foresail. 


Hunicaiie 


■{ 


to which she could 
show 


}No< 


Letters to denote the State of the Weather, 

h denotes Blue Sky— whefeer with dear or hazy atmosphere. 

0 
d 
f 

1 

1 


o 

F 

r 

s 

t 

n 

V 

w 


Cloudy — Detedied opening clouds, 

Diiading Bain. 

Fog^f 3hicib Fog. . 

Glconiy Da^ Weather. • 

Had. ; ; ; 

lag^itning. 

Mis^ ochazy-so astpint^Tupt the view. 

C)ven»s<^i.a, The whole sky covered with one impervious cloud. 
Fafpii^Si^era. 

Sqaa%. 

Rain— f.a, Contmuons ram. 

Snow. 

'rimndear. 

Dgiy threatening appearance of the Weather. 

Visibaiiy of Distent Objects— wheteer the sky be cloudy or not. 
Wei Dew. 

Under any letter dmiotes an Extraordmary Degree. 


^ ilte wmbmafam of ftese fetters^ the ordinaiy pheaomeiia of the weather may 
be recorded with oertamty and brevity. ^ 
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Uxamptes, 

* f 

b 0 IB. Blue sky, witli detached opening clouds, bnt liazy rotin.d the houzon. 

g V Gloomy daik weather, but distant objects reiYMrhxbly visible. 

^pdlt Veiy hard sq^ualls, aud showeis of drizzle, accompanied by lightniiig, with 
vmj heavy thunder 

The above modes of expression are to be adopted m Her Maj’esty’s ships and vessels; 
and, thciefore, both the strength and direction of the wind, as well as the state of 
the weather, are to be regularly marked, every lioui, in a narrow column on the log- 
board, 
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FOEM OF LOG 


HM.S. a. y. Black Eagle Wednesday, Stli day of March, 1854. 


1 

& 

Knots 

Tenths 

^hrndard 

Compass 

Course 

Lee- 

way 

Winds 

Force 

Weather 

Barometer 

1 hermo- 
meter 

Devia- 
tion of 
Standard 
Com- 
pass 

1 

. 



sw 

4 

he 


2 

At 




• 

. 


3 




• 

• 

. 


4 

andtior. 




. 

. 


5 



• 

S.W. 

4 

ho 


6 

Steaming 



• 

. 

- 


7 

for the 


f 

• 

• 

30-50 

41 


8 



a 

• 

• 


9 

Downs. 



S.W 

4 

ho 


10 

Hove 



. 

, 

f 


11 

to. 



. 

. 

f 


12 

10 • 

W.byS 

iS 

‘ 1 

WS.W. 

6 

ho 



Initiate 

of 

Watcte 




'rhrough 

Made good, the Dj. 
Water 


Miles Miles. 

West 


Why FT. 

IN. 


II At 
II aan^or. 


NW.hy, 

W. 


West 4 


W^W. 4 eft 

f » * , 

/ 


4 f 


Weighed and proceeded down 
the £nab ChanncL 




Passed the Girdlor Lt. V. 

„ Tongue Ijt V 

„ N iWandLt IL 

Shovied No to HM I>ock- 
yard at Heat 


Passed H M ship Melamptts. 


Stopped and hove to for a 
dense fog. 


Went on again 

Noon Folkestone N E by 


Varla- Water 
tion Bomain- 
allowed ing T nio 
Ikating 

IJailyExp lastSScc. 


Kfif. ♦♦'It 5 

I 

I 


I P.M. 

I p M Passed Hungenoss Lt M. 


Passed the Boyal Sover^gn 
Buoy 


Passed Bcachy H^d. 
BdtoutLt H.NNE.y, 


I Sevpl sail in eight Carried J , Kl 
lights. I 


Stopped and sounded in 14 Ito* 
8' Owers Lt. N N E 1^ 

Saw the Nab N W by N. 


anchored in xo 
fins L y S by E x' 

C^ed away and lost over- 
board by fouling the wheel, 
teles, hand 2 in No , lead, 
hand one No. 

Mid. 


USED ];N the EOTAL NA-VY. 


3 ( 


The 8th of March, 185 4. 
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A Problem. 

Prom a sMp at D tliree objects on shore. A, 0, and B, aie obsoived, and wiidi a 
se^nt the angles ADO and B D 0 are measuied , the lelative positions of tli© 
objects A, 0, B, are then found by the chart, so that AO, OB, and A 0 B, wo 
also given 

Pmd the position of the ship 

This problem is usually solved by means of an instrument called a station pointor^ 
^mcn consists of three long brass arms, movable about a centre D, and which cam Ibo 


35. 

€ 



S ?• instrument, being then laid upon th<^ 

• A A the bevdled edges of the arms pass through the tUroo points 

A,jO, B, yd tbm the centre D is the place of the ship 

to^^oSKiditm owld”®**^ determming the position of D with respoot 

ti^gleA GB^mthe cjmrtto a clean sheet of paper, 
/ ABEe^f / BAE eqi^ to Z CDB, and diaw BE. making 

■ad O^of ‘““tf “'"'““nB iinglos 0 A T> 

AD B ftom four ® ® s'lBstiactmg the sum of A 0 B and 


Then in file triangle A 0 D, 0 D . sin 0 D A 
andimiite«irian^©BOD,OD . sin ODB 


= OA . sin 
= C B . sin 


CAD 

CBD 


Tfter^me, by di;ision, Bin CAB 

, , sinCDB “ OB^sinCBD 

Mmltiplymgby 1^- CB sinODA _ smCAD 
CA* CA. sinODB “■ sm CBD 

B^OB.sipCDA = m,andOA ^0DB = 7i, then 
m^ smCAD 
* * «““sin CB D. 

Trh^ce m4-t^ _ tan|(CAD + CB D^ 

m-»‘~tan|(OA]b-CBD) 

A tan|(CAD— CBDj = ian|(CAD + OBD) 

m + n 



(3). 


CAD is the gi^ter angle wh^ m — n 
^igUt otherwise CBD IS ihe greater. 


and tan i (CAD + CBD) have the 
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By foimula (3) half the difference between the angles OAD and OBD is to be 
eomputed, and half the diffeience added to half the sum gives the greater, and half 
the difference subtracted from half the sum gives the less of the two angles CAD 
and OBD. 

These angles having been found, the distances AD, D 0, and DB can he found by 
solving the plane Mangles AOD and BOD 
Mxample ■— Coming fiom sea, at the point D, I observed two headlandn, A and B, 
and inland a steeple at 0 , which appealed between the headlands. I found horn a 
map that the headlands were 5*35 miles fiom each other, that the distance of A 
from the steeple was 2*8 miles, and fiom B to the ste(*ple 3*47 mdes, and I found 
with a sextant that / ADO was 12° 15', and Z BDO 15° 30' lequued my dis- 
tance fiom each of the headlands and from the steeple ? 

AD 11*26, CD 12 46, B D 11*03 miles. 


Problem. 

The Limrd is in lat. 49° 58' N, long 5° ii' W, and the Land's End in lat 
^0^ 4' N, long. 3° 42' W , and from a certain ship the Lizard hears N 45° A-o* E, and 
the Land’s End N 23*^ 20' E ; required the latitude and longitude of the ship ? 

With the latitudes and longitudes it is found that the rhmhbdine joimng the Lizard 
and Land s End is N 73^^ 14' W, distant 20 8 miles 

The direction of tlio three sides of the triangle, whose angular points are at the 
ifhlp, the Lizard, and the Land’s End, are now all known, and hence the angles of 
the tiiangle are found to ho, at the ship 22° 20', at the Lizaid 61° 6' and at the 
l/and’s End 96® 34', with these, and the distance 20 8 miles between the Lizard and 
land’s End, the distances of the ship from the Lizard and Land’s End- me found to 
ho 54*0 and 47*58 miles. 

With the course and distance to the Lizard, viz., N 45° 40' 54*0 miles, the 

ilifforence of lat is found to be 39 miles, hence the latztude in is 49° 19' N. 

With this latitude of the slnp, and the course and distance to the Lizaid, the differ- 
<mce of longitude between the ship and the Lizard is found to be 60' W, and therefore 
the longitude m is 6® 11' W, 


Problem. 

Two tmints, A and B, are on the same parallel of latitude 47° N, but fhe true bear- 
ing of B fmm A IS N 89® 30' E , lequired the distance from each other, on the 
parallel and on a great circle ? 

On either the distance is 55 • 94 miles nearly. 


Problem. 

What is the greatest boai-ing of a star whose polar distance is 18° 45 1 ^ in 

blearing occurs when the angle between the star’s zenith distaaoe and 
polar distance is a light angle, and afwp = sin colat . sin a z, the azimnth reckoned 
from the north or south according as the latitude is north or south. 

Bin azimuth * . 

sin 18° 45'* • • 9’507099 , , ' 

811140° 0' . . * 9' 808067 . 


Aaimuth }o° i' 9-699oj» 
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Examutation Papee—No I. 

!• of a ligtiJioTise, 150 feef high, is just visible from the top of the 

j»«t 54 m hmght,* req^idred the distance of the ship from the liglit- 

kwp? 

X What was the duration twihgM on January 22n(i, 1855, at Greenwich ? 

3 If on Fekuaiy isfe, 1855, at apparent noon at the ship, m long 5*^ 16' 36" W, a 
duxmoinefa: on boa^ be 50 m. 18 s fast for mean time at place, and at the next appa- 
mt noon die ship be in long. 3° 26' 10" W, what time will the chronometer show, its 
ate h®^ 7 s, gaming daily? 

4. Pdiiuary ist, 1855, at noon, a point of land in lat 35° 16' N, long. 5° 25' W, 
hro by compass W§N (deviaticm f pts, W), distant 16 miles, afterwards sailed as by 
Twrolimfii^ log account; required the latitude and longitude in, on Pebiuary 2nd, 


' BL 

K. 

itis. 

Ctoorses. 

Wmds 

Iiee- 

way 

Der. 

BEMARKS 

1 1 

5 

8 

mR 

NEbE 

I 

JE 

P.M. 

2 

5 

4 




3 

4 

4 

5 

7 

o 





Yariation of compass if pts. E. 

i 5 

5 

5 






6 

5 

I 






7 

8 

3 






8 

4 

5 

SEiS 

m 


0 


9 

4 

9 






lO 

4 

3 






II 

3 

8 






12 

5 

8 

SbWJW 

^ 1 

WbS 

i 

iW 


I 

8 

[ 2 






1 

8 

' O 





A M. 

3 : 

5 

4 






4 

4 

5 

7 

i 8 





A current set the ship from 

6 
, 7 

7 

5' 

3 

: t 1 

WbKiir 

HNW 

i 

fW 

9 PM till 2 AM. NNW by 
compass 3 J miles per horn* 

8 

4 

^ 5 ‘ 






9 

8 

8 






m , 

4 

6 






1 II 
^ 12 

2 

4 

7 

4 

BVbW 

SbB 

i 

iw 



“**• “ long- 

of Hi® eye 19 feet; re^nfcsd the MtadI? ^ 3°". 
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CO i®55* loli 1 6m 45 s PM mean time at place, long 

46 25 W, the obs alt of the Pole-star be 69° 29' 54", index error -f* i' 5", height of 
the eye 13 feet , req.mied the latitude ? ^ j r & 

9 Febmary 24tb, 1855, in lat by account 51® 40' S, long 20° 17' W, alts of the 
sun were taken near noon at the followmg times to deteimme the latitudes . — 

Chrpn times 
H H s 
10 28 13 

45 Mean of 

^9 14 Obs. alts sun’s L.L. 

29 50 47O ii' ir» 

30 26 

Index error 4- 3' ii", height of the eye 21 feet, error of chronometer for mean time 
at place i h. 3oin. 2 7 s. slow. 

to February 20th, 1855, at about 7 hours am. mean time at place nearly, lat. 
50^ 46 K, long 15° 20' W, the sun’s nsmg amplitude was E 48® 20' S by compass, 
(deviation 10^ 55’ W) ; lequired the variation of the compass ? 

11. February 28th, 1855, at 3b. 14m. pm, mean time at place nearly, in lat, 
30® 46’ N, long 97® j6’ W, the obs alt. of the sun’s L L was 26® 54' 29", index error 
4* a' 45 ’V height of the eye 17 feet, sun’s bearing S 63® 26’ W (deviahon 5® 55' E) ; 
required the variation ? 


12. February r3th, 1855, at 8h 13 m 20s am mean time at place, lat 32® 3' S, 
long, 83® 20’ W, the sun’s bearing by compass was N 49® 30’ E (deviation 10® 40' E), 
required the variation ? 

13. February 22ncl, 1855, at 8 h, 40m a.m. mean tune at place nearly, in lat. 
23® if 30" N, long, by account 14® 50’ W, when a chronometer showed 9 h 47 m. o s , 
the obs. alt of the sun’s L L. was 28° 52' 2i"'5, index error 4 2' 25’''5, height of the 

2 1 feet , required the longitude? 

On January 21st, at noon, the chronometer was fast on G-. M. T. 5 m. 20 s., losiiig 
daily 5 s, 

14. Febraary jtli, 1855, at 8h 25 m. p.m. mean time at place nearly, m lat, 
47® 19' N, long by account 33® 36’ E, when a chronometer showed 5 h 15 m 30 s , 
the obs alt of Pollux (E of mer ) was 5 7® 43' 20", mdex error 4- 2’ 20”, height of 
the eye 19 feet; requir^ the longitude’ 

On January loth, 1855, at noon, the chronometer was slow on G M T. 47 m. 41 s , 
losing daily 6*58 

15. February 9th, 1855, in lat 34® 12’ S, long 58° 16' E, the sun had equal 
altitudes at 8n4 47in 13s. and2h 58m 47s times by chronometer, required the 
error of cWnometm: at noon for mean time at the place of observation ? 


16. February 24th, 1855, by account 52° 14' S, long hy account 38® 12’ 

the following observations were taken to determine the latitude and longitude . — 

M T ngarly Chiron times Obs alt of Qi 

9h. 151m AM. 6h. 27m. 4S. 33® 58" 24" 

2 14 P.M. II 26 18 40 35 II 

Index error 4* 2' 10", height of the eye 20 feet, 

February 2nd, at noon, the chronometer was slow on G.M. T. 13 m. i/ajoang 

daily 5 


17, January 4th, 185 5 » at about 10 h. 35 m. p m mean time at place, lat 33° 29’3o”l!l, 
long, by account 14® W, the followmg lunar was taken to determme the longi- 
tude •/— , 

Obs. alt a Tauri Obs alt ])’s L L, Obs dist IT I*. 


68® 18' 40'' 
Index error 4 » 47 

Height of the eye 17 feet. 


50® 13’ 24 
I. E.~3 32 


55® 15' !i4'* 
LB.# f '4^ 


m 


QUESTIONS. 


i8. iybruaiy26fb, 1855, lat. by account 46^ 21' S, long, by account 31^ 30' E, 
Uia Allowing altitudes of stars were observed to determine the latitude and longi- 
tude 


M T. nearly Chron times, Obs Alts. 

7I1 45in.PM. 4 h. 45m 2 8 Aldebamn 23° 21' 27" 

9 20 pjki. 6 15 42 Canopus 75 48 16 

Uidex error + 3' 15", height of the eye 16 feet 

January 5th» 1855, at noon, my chronometer was slow on G-. Id. T. 5 6 m. 28 '5 s , 
gaming <My 2 ‘5 s. 


Answbes 


T. 24 miles 
2. About 2.h 5 m. 

3 Jih 57m. 2*3 s. 

4 Latitude 34° 20'* 5 N. 

5 * ,, 54 6 4 o"N. 

58 45 13 N. 

7 *» 66 22 24 N. 

® II ^ 44 5 N. 

9 * ,r 52 I 5 S 

10. Variation 19 45 W, 
ir- ,, 16 55 W. 

^2« j j, 3'5 5 ^ E« 

13. Longitude 14 35 W. 

14* , , 33 30 6" E. 

15. Error 21m. 22 ’48, slow. 

16. Latitude 52° i3'5e"S 

17. Longitude 14 30 W. 

18. Latitude 46 25 23" S. 


Longitude 5° 29' 5"^. 


Longitude 38° ii^ 54" E, 
Longitude 31^ 27' 8'^ E 


Examh^ation Paper —Ko. 2. 

place of obsmation.^ iminm^ its decnnation and the latitude of tlie 


J. ]feqBired a® conrse fey compass aiid the distance from A to B,— 


Long. A 50 45' W. 
B 3 45 W. 


Lat A 15° 55' s. 

» B 23 56 S. 

Taaaaftm vP jo’ V, local deTiatitm 4° 35' E. 
^£frlloi^h,g acocant; maWM 



QCTESTIONB- 


81 i> 


11, 

K. 

Afths. 

Courses 

Wmds 

Iiee> 

tray 

Dey 


1 

4 

6 

EhNiN 

NbE 

2 

lE 


2 

5 

7 






3 

4 

6 






4 

1 

6 

6 

X 

1 






5 

5 






7 

5 

5 


irw 

li 

iE 


8 

4 

7 





9 

6 

2 






10 

7 

I 






1 1 

5 

7 

s 

rsE 


i-W 


12 

4 

9 





t 

3 

9 





▲ M 

3 

3 

8 

VbNJN 

Nbvr 

2 

iW 


? 

5 

6 




4 

4 

7 





^ A current set the sto from 5 

4 M tiU 10 A3C SE b S by 

5 

6 

5 





6 

7 


NNE 




compass, 3 * 9 miles per hour. 
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6 
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5 
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5 
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to 

5 
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n 

6 

4 






X2 
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5. Morcli 1st, 185J, in long 76^ 19' 10" W, tlie obs mer alt of the srai's LX. 
w»s 66^ 10' 15" (Z S.), index error — 4' 15", height of the eye 14 feet, required tiie 
UvtitiuU)? 

6. March 2nd, 1855, tlie obs mer alt of Vega "was 68° iV 5^' (ZN), index error 
-4* 2' lioigUtof tiio eye 13 feet, required the latitude? 

7. Man^li Cth, 185 5, at r h 40 m. a,m , in long. 39° 10' 20" E, the obs. mex alt of 
thu nimn^s LX was 37° 10' 30" (ZN J, index error — 3' 10", height of the eye 19 
jtw*t ; WKiuirod the latitude ? 

H. March loth, 1855, at about 9 h, 14 m pm mean tune at place, in long. 119° E, 
the alt. of Polans was 47° 4' index error - i' 14", height of the eye 26 feet; 
miuirtKl tlio latitudo? 

9. March 9tK X855, in lat by account 46® 23' S, bng 93° 37' W, bMs. of the sun 
Witfc taken near noon to dotermine the latitude. 


Obion 
n M 8 

10 10 39 

11 24 

XT 59 

12 17 
12 48 


Mean of 

Qbs alts sun’s centre. 
48° lo' 15" 


Indpxonor + 3' 14", height of the eye 17 feet, chronometer dow for app T.atpkee 
I h. S»m. 48 ' 4 s. 

,0. March ooth. 1855. at « toi^s a m . ii^t 1 /> 
rilling amplHudo of sun iros B i;° 15 S ■(denattem 4° Jo E)i legnired (be 'nmiSm 
of tho compass? , . , 

1 1, Mar* McL 185 3. at gh 14 m. a k mean timO aeadr* m ^ Wjf 

t«o lo^J^the^ ak of theWs LB. wis 40° 46' 

L'lght of the eye 05 feel* sun’s bearing by compass N 49® Q «(®4c W); 

t<H][uirod the vonation ? 
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QUESTIONS. 


12. Maaxdi 3r<i, 1855, at 9 li ^ 7 ^ amt, m lai 47° 10' 3 Sf,lon|: r36<^ 15^ 20" W, 
the obs beaimg of tlie sun was S 36^ 10' E (deviation 5° 4' iil), r©9[uirod tho 
Tanation ? 

13 March ittb, 1855, at about 7I1 15 m am, m lat 18° 38' S, and lon«j: nhoiit 
74O "W, when a chronometer showed 12 h. i m 9 s the obs alt. of tho sun’s Ij Ij. 
was 16° 13' 23" mdex eiTor ~ 2' 10'', height of ihe eye 20 feet, required ill© 
longitude? 

February 26th, the chronometer was slow on G M. T. 9 m. 10 s , losing daily* 
2 -*5 8, 

14. March 12th, 1855, at about 7^1 36m PM,m lat 39° iB' 27" NT, long, altout 
38^ 10' B, when a chronometer show^ 5h 20 m. 58 s., the obs. alt. of a. Arietis 
(W of meridian) was 25 0 52' 7", mdex error - 50", height of the eye 15 foot; 
required the longitude? 

February 19th, 1855, the chronometer was fast on G. M. T. 14 m. 21s., gaining 
daily 3*6 s. 

15 March 25th, 1855, in lat 56^ 19' S, long 25° 14' W, when a chronometer 
showed 8 h 27m 18 s and4h. 16m. 19s, the sun had equal altitudes, required. it» 
error for mean tune at place ? 

t6, March 30th, 1855, lat by account 33° 10' S, long by account 73® W, tha 
following observations were taken to determine the latitude and longitude by Sum- 
ner’s method — 


01)8 alt (J 6 Ij 


M. T. nearly Chron, times 

2 h. som PM. 6h 51m. 41 s 39O 4? 10'^ 

4 15 I’M 8 40 I 20 3 40 

Index eiTOT -f- i' 5^", height of the eye 25 feet; the sun's hearing at tho first observa- 
^ interval NNE 6 miles per hour. 

daUy j^s 22nd, at noon, the chronometer was slow on G M T. 26 m. 33 s., losing 

NJB The answers given are found with assumed latitudes 33° 20' B, and 3 2^ 50' B. 

17. March^4tli, 1855, at about 8h 25m. am mean time at place nearly, in lat. 
tec lon^tude account 15° 35 W, the following lunar was taken ; roquiroil 

Obs alt.O'sL b 
29© 4' 7" 

Index earor 4- 2 25 

Height of tee eye 19 feet 

18 Eeqn^ the true altitade of the sun’s centre on March 5th, at 3 h. jom, p.u. 
m^n tune at place, lu lat^ 49^ 20^' 10" N, long. 359 10' 45^' W ? ^ 


Obs. alt J’a L L. 

39 ° 4 J' 30" 
I. E. — 3 15 


Obs dist 


52O 
IE. - 


32' 

X 


59" 

xo 


1. 

2 . 

3 - 

4. 

5. 

6 . 

7. 

8. 

9 - 

10. 


12. 

13. 

14. 

15. 

16. 

17. 

18. 


Sin dec. iJ sin a . sin 
Sim lat = . / smg' 
v/ sin g 


4903*5 miles. 

Course S 2° 44' W. 
latitude 33° 56' S. 

» 310 if 48" S. 

» 60 27 22 N, 


,w 4b 

Tariation 21 
26 
17 

longitude 740 
f» 3® 

Fast 16 m 3‘? 
latitude 33O 
longitude 15 
True alt. 26 


Distance 494 miles. 
Longitude 130° W. 


Longitude 72^ 50' 4" W", 
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Questions in Tbigonometey and Natigation. 


I. "Wanting to know the distance of an inaccessible object 0, 1 measured a base A B 
of 4H6 yards. At A, I found the angle CAB subtended by the object, and the othci 
ond of tho line* to be 88° 12' , and at B the angle C B A was observed to be 54*^ 48', 
ro(][Uired the distance of the object from each of the stations A and B? 

Ans. A C 659*6 yards, BO 807*2 yards 

1. Being desirous of finding the distance between two distant objects, 0 and B, I 
measured a base A B of 384 yards, on the same horizontal plane with the objects 0 
and B. At A, X found the angle I) A B = 48° 12', and C A B = 89° r8' , at B the 
angle ABO was 46° 14'* and A B I) 87° 4' ; it is re<iuired from these data to compute 
tho distance between 0 and B ? Ans C B 3 58 * 5 yards 

3. Wanting to know the height of a steeple, I measured 210 yards from the bottom 
of it, and then found the elevation of its top above the level of my mstiument to bo 
33° 28' 40" ; re<iuirod its height, the instrument standing five feet above the ground? 

Ans. 143*38 feet. 

4. The elevation of a spire at one station was 23° 50' 17", and the horizontal angle 
at this station between the spire and another station was 93° 4' 20", the horizontal 
angle at the latter station between the spire and the first station was 54° 28' 36", and 
tho distance between tlie two stations 416 feet, req[uired the height of the spire? 

Ans 278*8 feet. 

5. Bequired the height of a wall, whose angle of elevation is observed, at the dis- 

teuco of 463 foot, to be x6° 2 1' ? Ans, 135 *8 feet 

6. Tho angle of elevation of a hill is, near its bottom, 31° 18', and 214 yards further 
olf, 26° 18'; requued the perpendicular height of the hill, and the distance of the 
TOrxKindicular from the first station ? 

Ans. The height of fhe hill, is 565*2, and the distance of the 
perpendicular from the first station is 9^9*6 yards 

7. Tho wall of a tower which is 149*5 height, makes, with a hne drawn 

from tho top of it to a distant object on the horizontal plane, an angle of 57° 21", 
wliat is tho distance of the object from the bottom of the tower? 

Ans 233*3 feet 


8. From the top of a tower, whose height was 138 feet, 1 took the angles of depres- 
sion of two objects wliioh stood in a direct line from the bottom of ttie tower, and 
Uixui the same horizontal plane with it. The depression of the nearer object was 
ffHind to be 48° ro', and that of the farther I8°52^ what was the distance of eac^ 

from tile bottom of the tower? , - i. -i. x 4. 

Ans Distance of the nearest 123*5, and of the furthest 403 • 8 feet 

9. Being on the side of a nver, and wishing to know the distance of a house on too 
other side, 1 measured 312 yards m a right hne by the 

tmnd that toe two angles, one at each end of this line, subtended by the otoer end 
md tho house, were 30° 15' and 86° 27', what was the distance between each end of 
tii© lino and toe house ? 3 5 1 ’ 7 182*8 yards. 

10. Having measnred a base of 260 yards in a straight Ime, close by one mde of a 
rivor, I found that the two angles, one at each end of the hne, 

end and a tree dose to the opposite ha;^ w*ere 40° and 80 , what was the breadto of 

Hio river ? ^ 

r j. From a ship a headland was seen, bearing NE i N; toe vessel then stem amy 
HW 3* W 20 miles, and the same headland was ohserv^ to hem from h^ E J N, 
roauwed the distance of the headland, from the ship at eato sMion . , , , ., 

^ Ans. Distance at the first station 19*09, and at the second 26 96 miles. 

N bV i reqinred the bearing aM agtooe^of 

' I, From bn eminence of 2^8 feet in perpendicular height, the 
nf tL torof a steeple '(ibioh stood on the same honzonM ptoae was found to he 

3',^SfdometK>&mi60 18'; ^hat was ihe height of the steeply ^ 
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QUESTIONS. 


WfciifiBg to inow Uie distance bet^reen two objects which weie separated by 
». I DEMair^ disfeaice &om each to a point where I could see them both , 

fiw disteijctt were 1840 and 1428 yards, and the angle which, at that point, the 
sabteade^ was 56^ 18' 24''; required their distance? 

Ans 1090*85 yards. 

15. Ekan fee top c€ a mountain, 3 miles in height, the visible horizon appeared de- 
Iff^d 2 ^ 13' 27", required the diameter of the earth, and the distance of the boundaiy 

cC fl» vidbte hormon? 

Ans. Diameter of the earth 7958 miles, distance of horizon 154*54 miles. 

A Aim 12 feet high stands on the top of a column, whose height is 48 feet 
afoofu tte level of fee ; at what distance from fee base of the column, on the 
mme horizontal plaro, will the statue appeal under the gieatest possible visual ana:!©, 
and wl»twilltlwt angle he? ® 

Ans Distance 53 *6656 feet, angle 6° 22' 46 

Ih ^ lie wifexn 5 pomts of fee wind is bound to a poit bearing 

B i E 18 miles, fee wind bmg at SE ; required her course and distance on each tack 
fe iwA bar pmri dose hauled, in two hoards^ 

Ans. On fee port tack S h W 19 39 miles, and on the staiboaid tack E b NT 
5 *05^ mile®. 

^ Ix^s to iea«h the mouth of a nver, whicli boie NW J W 
m lie witonsi points of the wind (then at NNW) 

^ ““il® i point leeway, while on 

^^aihoerf tack she madte ij pointB, required the course and distance on each 

^ ^ ® P®** 

“i ^5 I>^t the wind bomg 

w W h N, I was ob%ed to ply to windward; I found my ship would make wav within 
^ pmnto fee course and distance on each tack ^ 

AM^the port tank N b W 17-65, and on the starboard SW by S 4-138 

eKck to itch'l 

the starboard tacts b Ei B 23-66, and on the port WNW 2-79 
mi ^ with fee giv^ wmd />w hanlor? witlim 5 points of the wind, 

hw*eurso(»er.and^wmuct’ttewMhki^gt.tNf “ 

nver about 27 minntes 43 seconds before B. 

, Tf A* 5 days 2 hours and 25 minutes. 

^ ^ 84° 8'E and rate 9-358 m.les per hour. 

ai.4 toft a fte ewient in the thne whieh sUp 

Settmg K 640 48' E, aad'dnft 14- 1 miles 

8 miles an 

*i» Stein »hecsr«ntfl,atKie^lJ^V^%“‘ “must 

Ans Course N 53® ?i' W 

whit^^^m^tl’ t weather a point of 

•b^SmrnTmamm honr^ g and whS toe sM?I°be“m*“re'^X *^*1?““*’ *'*® 
Ans. OcsirseN 6905i'E,^i{.^e“Cs“"S^S*' 
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27* From a ship in a cxirrent steeling WSW 6 miles an hour by the log* a rock was 
seen at 6 m the evening, hearing SW S 20 miles The ship was lost on the rook at 
1 1 P.M , ; requued the setting and dnft of the current? 

Ans Setting S 75® 10' E, and dnft }*ii miles per hour, 

28 If a ship sail due W, 8 *5 miles per hour by the log, m a current setting SW b W 
4 iniles per hour, required her true course, and hourly rate of sailing? 

Ans Course S 79^ 21' W, and rate 12*04 miles per hour 

29. If a ship sail fiom lat 40° 5' N, long 28° xV W, ENE | E till her difference of 
longitude is 320 miles, required her distance, latitude, and departure? 

Ans Lat 41° 18' N, dist 251*5 miles, and dcp. 240 6 miles. 

If O' ship sail 272 miles northwards from the latitude 46° 20' N till she has 
altered her longitude 4° W, it is required to find the course and latitude arnved at ? 

Ans Course N 36^ o' W, latitude 50° o' N. 

31. Given the sun’s declination 3° 16' 6" S +, and right ascension 12 h. 30 m. 
14*4 s* I required his longitude and the obliquity of the echptic? 

Ans Longitude 68. 8^ 13' 57'^ and obliquity 23° 27' 46". 

32. lu latitude 40° 48' N, the sun bore S 79® 16' W, at 3 h 37 m. 59 s. p.m. ; roqniiod 
his altitude and declination? 

Ans, Altitude 37° 24', and declination 16° 32* N. 

33. Ill N latitude, when the sun’s declination was 14° 20' N, his altitudes, at 
two different times, on the same forenoon, were 43° 7' +, and 67° 10^ -l-» and the 
cliango of his a2nnuth in the interval 45*^ 2'; required the latitude? 

Ans 34° 20' NT. 


34, In latitude 16° 4' N, when the sun's decimation is 23*^ 2' N . requited the time 
in the afternoon, and the sun’s altitude and hcaiing,whcn his azimuth neither increases 
nor decreases ? 

Ans. Time 5h. 9m 26s pm, altitude 45° i', and heaiing 8 73“^ 16' W. 

35, The sun set SW J S, when his declination was 16° 4' ; required the latitude ? 

Ans. 69^^ i', 

36, The altitude of the sun, when on the equator, was 14® 28' +1 bearing ESE ,* 
required the latitude and time V 

Ans Latitude 56® i', and time 7 h. 46 m. 12 s. a.m. 

37, The altitude of the sun was 20° 41', at 2 h. 20 m. p m , when his deoluiation was 
28' 8; required his azimuth and the latitude? 

Ans. Azimuth S 37^^ 5' W, latitude 51® 58' N 

38, If, on August XI th, 1840, Spica set 2h 26 m X4 s befoio Axeturus, height of 
the eye 15 feet, required the north latitude? 

Ans. 36*^ 46* N. 


39. If, on Noyembor x^th, 1829, Monlcar nse 48 m 3 s. before Aldobaran height of 
eye 17 feet, requiied the north latitude? 

Ans 39O 43' 30" N, 

40, If, on January 4th, x 8 25, Castor and Alphard oe observed on the sumo vortical in 

th© hemisphere, at the same time that Ilotolgouse and Itigol aio on the same 

yortleal in the western homisphero, xcquired the north latitude ? 

Ans 35® 12' N. 


4?. In latitude 16® 40' N, when the sun's declination was 23® 18' N, I olisorvcd him 
Iwiotv the same forenoon, bearing K 68^ 30' E j required the tunes of observation, and 
hl« ftltitwle at each tune ? 

Ans. Times 6 h, 15 m, 40 s. a.m. ami 10 h, 32 m, .48 s. a.m,, altitudes 9® 59'" 1 6" 
and 68 29' 4»". 


42. The diff long, between two plaeeaboth in lai 33^ 8, is 136*^ 10'; how much 

ihortef is the distance Wweon them on the arc of a great eireh^ than on their wnnmon 
|«ialiel, Mi«l what is the highest latitude attalncKl by the ship in sailing from ttm one 
plare to the other on the are (d a great eirele? 

Ans, JDliL of dirtanees 637 gtHigtapliical miles; highest latitude 54' B, 


43* Wl»i i« th© higlmst latitude attahuKl hy a ship jn wdllng^im a^g^4 
Port lai 33^ c 


Wng 140^^ 37'^ 


' 51' 8, to Gape Horn, kt 55** 58' S, tlm diff of their tonglfeudw 

Ans. 720 4P s. 
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QUESTIONS. 


44. H tile altifeade of the sim when due W be 27° 24', and oh the 6 o’clock hour 
carie 14^ 43;' lo" ; required the latitude and dechnation ? 

Ans* Lati 48° N, decl. 20^ NT. 

45. If the altitude of the sun on the 6 o’clock hour circle he 14® 43' 30", and bis 
anq)litude'W 30° 44' 30" ; required the latitude and dechnation ? 

Ans. Lat 42° or 48^, decl. 22° 20' or 20^, 

46. If the sun’s altitude on the 6 o’clock hour circle be 14° 43' 30", and he set at 
7 h. 35 m. 22 s. app. time ; required the latitude and dechnation ? 

Ans. Lat. 48^ i', and’decl 20^, 


47. The sun IS W at 4h. 431)1. 28 s,, and sets at 7h. 35 m 23 s.,* requuod the 

latitude and declination * Ans. Lat 48° NT, decl. 20^. 

48. 'When the sun’s declination was 30° N, he set 2 h 51 m. 54 s after ho passed 

the prime vertical , required the latitude ? Ans* 48° N or 43^ K. 


49. Given the sun’s mendian altitude 62°, and his altitude at 6 o’clock 14° 43' 30”, 
to find the latitude and decimation? 


Ans. Lat 48° N, decl. 20^ hT. 


5 c* In latitude 45° N the meridian altitude of the sun was 30® ; show that tlio 

I 

tang«at of quarter the length of the day • 

Vr 

51, The latitude of Dublin is 53° 21' NT, longitude 6° 19' W, the latitude of Por- 
mmhmp 8° ij' S, longitude 35° 5' W; what is the sun’s decimation when he is on 
the horizon of both places at the same instant? Ans. 18*^ 6'. 


52. The latitude of a place A is 40° N, of B 50° N, and their distance fiom oach 

t of A is 1 50 E ; required the latitude and longitude of another 

place 0 to the north of and 20° distant both from A and B ? 

Ans. Lat 59° 37 ' N, long 21° 13’ E, or 8° 47' K. 

53. Ifon Aprd 28th, 1855, at about 61 l 3om.PM meantime at place, m latitude 

^e kn^ud account 165° 15’ E, the following lunar were taken ; rcquii*od 


OI)s all of Voras. 

33° o 
Index arcMf 4 24 

Height of the eye 2 1 feet 


Obs. all^ Obs dost nearest limb 

37 ° 7' 40" 102° 42' 37" 

— 54’5 + I 26*5 


? On A^ril 2 7th, the declination 
39*9” difference m i hour -f 
difiference in i hour + 12* 78 s. 


of Venus at me^ noon at Greenwich is N 22*^ 57^ 
34 ' 7 '» its right ascension 4 h. 26m. 56*390., 



1 Semldij 

imeter. 

Hor. Parallax 


Lunar DiSTANcm. 

Bale^ 

Boon. 

KijdD%hl 

Boern. 


Date 

XVIII 

P L. 
of 
Diff 

XXL 

P. L. 
of 
Dicr 

„ 28 

4 n 

15 2*5 

/ <r/ 

14590^ 

4 U 

55 1 7 

54 52*6 

April 27 

0 / i, 

lOX 42 II 

5579 

0 / 4 t 

105 4 51 

1168 


Ana. Longitude 165O 19' 


leqwred flie Iraigitad^ ^ ^ «>llwmg lunar wore taken ; 


Ot». 41 t a- 
6 x0 3d’ 10” 
Index OTur + 2 14 

Hjffl^t of the eye 25 feet. 


Obs dist 

8° 57’ 40" po 

^ '—2 io*o 
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decimation, of the sun at mean noon at Greenwich is 
difference in i hour — 48" 08, and the equation of time at mean 
appoint difference m i hour - -526 s. and additive to 


Bate 

SemicUameter. 

Hor Parallax j 

Date 

IjUHAR BffiTANOm 

Noon j 

Midnight 

,,Noon 

Midnight 

Noon 

V L.' 
of 
Diff 

IXI. 

P. h 
of 
Diff 

Angust 17 

1 tL 

14 S6 I ^ 

/ u 

14 59 7 

( 1/ 

54 42 0 

f H 

54 55 2 

August 17 

0 / ii 
$1 3 t 28 


0 t ti 

52 54 25 

JI 55 


Ans. Longitude 41° is' 50" W. 

the lori^Ii^ ?® * account 35° so W, tho following lunar were talwuj roqulrod 
Ota. alt Q Obe.aU^ Olu.dtat. 


19 ° 36' 38" 


56° 53' 43" 
+ JC 16 


45° 54' 


-f- 4 


21" 

0 


Index error + j i6 
Height of the eye 19 foot. 

N oo 4,^** declination of ttie sun at moan noon at Groonwioh I« 

at aiiinwinh*lB^i^’Tfi°°r equation of Umo at moan noon 
at Gioonwioh is 7 m. 26 -6 s., differonco in i hour - -757 s. and additive to apparent 



Somidiametcr 

ifor. Parallax, 


LtJNAtt DtWAWMW, 


Date 

Noon 

Midnight 

Noon. 

Midnight. 

Date. 

VI. 

IK D. 
of 
Dim 

iX. 

k h. 

of 

IHff. 

March ix 

1 II 

IS 47*1 

<£> 

i-i 

57 4^ 7 

1 a 

SI 21*5 

March 21 . 

S> H si 

289 * 

5 7 4 

3969 


Aim. Txingltndo 35*^ *5’ jo" W, 
5 fi. On July 23rd, A.M, 1854, on board II.M.S, ‘Bt. George, • Gulf of Flnkiid. kU- 
miutnJlTlm Mtuio?^ °' feUowing oliwsrvatloM wore ton j 

9 h 43 ni!’ 20 - 6 s 4 a°' 45 ^’ 2 o" oh. 

Index error + I'o": height of Urn 40 feet. ' ’ $004^ 

„ “ ohronomotor i h. 41 m. 27*. ; chronometer slow on G. M. T. 

^ jrit# I y 4 ll# 

r»mte 

lieellnation of tho sun at moan noon July sind, 1B54, 10” 19' 4''*n. dlfftwiitoi in 
‘ 3 °.V‘^- «eaUkmotet 15' 46".h, ennalionMf time, on 

Th'rom “‘° 98 s-i ngl't «*<«nHloii of mmn mm at mm, 

yn. sqm. 3H (.7s. Imtitinlo 59'> jf 15", 

57 - l^ipjcnik.r iiUi, 1854, at tih. 4010. imw. mimn time, in long, B, ttw 

1)11 Hf^ptomher lath* the dmlinatbn of Pularb ti' rfdifc iwittMoit 

t li. (i m, 48 '578.7 and the right aueonginn of iho nw^iwii win ii k* 35 m* 

Am. Ijfcl* |f> I' M. 

0* xB 5 i |7 at 4 l)* ?7 m, * 18 . am. moiin iimo, tn Iom. tf w 

i\m alt. of the iKilo-star wiw iy> n' ao^ index iwrtr + > loVIlSit i M 

On Oetolmr i6tli, 1854, tho doelination of Poktk 88° »s' 6»'6, right «mmn«im 
t h. fi in. 55 *15 H., and Uie right ascoiudott of the mean mm 13 h. inm, tt'Ol m 

Am. Imt.i9»a'o'*Iir, 

t 
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QUESTIOiTS. 


$9. (^j^cwmber 18^4, at ixk 5 in, 54s pm, in mean time, in long. 13® i8' W, 
fee ol)S€rp'ed altitude of Polaxis was 47^ 13' 50" index erior + f 14", lieignt of tho 
qjre 23 feel ; reqtured fee latitude ? 

Onl^^ovember lyfe, 1854, fee declination of Polans 88° 32' 18" 4, fee riglit aseon- 
si<m ik 6in. 47*92s, and fee nght ascension of fee mean sun 15 h, 46 m 50*26 s 

Ans. Lai 45 ^ 57 ' 15" 3 Sr. 

60. Bfoy r8fe, 1855, mlat by account 62° 20' jr,long 67° 13' W, altitudos of feo 
sun wexe taken, near noon, at fee following fames, to deteimine fee latitude , 

Chiroii. 


s. 

48 

10 

50 

35 

2 

5r 

15 

47 


Mean of 
Obs, alts O's 
47 O 28 ' 52"*6 


T/ 

Indmc etior -b r' 47", beigiit of fee eye 16 feet, error of oiu’on. for M. T. at placa 
Ik 13m. 468. fast * 

May i8fe, at mean noou, O’s decbnafaou K 19© 29' 29"*o, diff in r bow + 32''‘85* 
^^ay i8fe, at apparout noon, equation of fame 3 m. 50 65 s. sub. ftom app tmio, 
, Lat.6i°49'4^N. 

6r 17ft, 1855, in lat by aocouat 37O 20' 8 , long 96° 15' B, altitudes of tlw 

sun wan taken, near noon, at fee foUowing fames, to determme fee latitude : 

Ohjroiu 
m M, s 
9 8 46 

® 59 Mean of 

9 17 Obs alts. O's B. L. 

9 42 39 °i 8'45'' 

10 3 ’ -rp 

10 27 

^ ^ 

at mean noon, ©’s dedp M 13° 51' if - 6 , diff. in t hour - 47''-S4. 

I equation of tiu® 4m. 8-8i s. add to am. time, diff, in 

^ Lat. 37« 22’ 5i"‘9 H. 

a^unt 48° 50' N, long. 27° 56' B. altiludcw of 
lae sun wwe Wma, near noon, at ihe following tSmes, to detennine ttio latitolc : 

Obron. 

K* m; s. 

X2 2 48 

^ Mean of 

^ Obs, alta 0’s L L^ 

^ 31° 26" 

4 

^ of Aion. for M, T. at Greenwich 

^,i8tt,atmeanno(m, ©’sdeolm g 9°3i'22"-r diff in r 

d!^ 

Lat. 48O 53' jq. 


/ 


BI W dOTOS AMU BOSa KAKTOBD Smjai AND 


cac«. 




